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2 (57) Abstract: The present invention provides novel compounds, novel compositions; methods of their use, and methods of their 
manufacture, where such compounds of Formula (!) are pharmacologically uscfui inhibitors of Protein Tyrosine Phosphatases (PT- 
Q Pase*s).including PTPIB, T cell PTP. wherein n, m, X, Ri, Ri, Rj, R*. R3, Rs, and R7 are defined more fully in the description. The 
^ compounds are useful inthe treatment of type I diabetes, type IT diabetes, impaired glucose tolerance, insulin resistance, obesity, and 
^ other diseases. 
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FIELD OF THE INVENTION 

The present invention relates to novel compounds, to methods for their preparation, to com- 
positions comprising the compounds, to the use of these compounds as medicaments and 
their use In therapy, where such compounds of Foimula 1 are pharmacologically useful inhi- 
bitors of Protein Tyrosine Phosphatases (PTPases) such as PTP1B, CD45, SHP-1; SHP-2, 
PTPa, LAR and HePTP or the like, 



wherein n. m. X, Y, Ri , Ra. R3. R4, Rs and Re are defined more fully below. 
It has been found that PTPases plays a major role in the intracellular modulation and regula- 
tion of fundamental cellular signaling mechanisms involved in metabolism, growth, prolifera- 
tion and differentiation (Hunter. Phil. Trans, R. Soc. Lond. B 353: 583-605 (1998); Chan et 
al., Anna. Rev. Immunol 12: 555-592 (1994); Zhang. Curr, fop. Cell. Reg. 35: 21-68 (1997); 
Matozakland Kasuga, Ce/A Signal. 8: 113-19(1996); Flint a/., TheEMBOJ, 12:1937-46 
(1993); Fischer et al. Science 253:401-6 (1991)). Overexpression or altered activity of tyrosi- 
ne phosphatases can also contribute to the symptoms and progression of various diseases 
(Wiener, etal., J, Natl, cancer inst. 86:372-8 (1994); Hunter and Cooper, yinr?. Rev. Biochem, 
54:897-930 (1985)). Furthemrrare, there is increasing evidence which suggests that inhibition 
of these PTPases may help treat certain types of diseases such as diabetes type I and II, 
autoimmune disease, acute and chronic inflammation, osteoporosis and various forms of 




Formula 1 



cancer. 



5252:263:1 397rb-PTP-PTP-colony-27ft 20824-16104 (1993), Brady- 
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Background of the Invention 

Protein phosphorylation is now well recognized as an important mechanism utilized by cells 
to transduce and regulate signals during different stages of cellular function (Hunter, PhiL 
Trans. R. Soc. Lond. B 353: 583-605 (1998); Chan et ai, Annu. Rev. Immunol. 12: 555-592 
(1994); Zhang, Cum Top. Cell. Reg. 35: 21-68 (1997); Matozaki and Kasuga, Cell. Signal. 8: 
113-19 (1996); Fischer ef a/, Science 253:401-6 (1991); Flint ef a/., EMBOJ, 72:1937-46 
(1993)). There are at least two major classes of phosphatases: (1) those that dephosphoryla- 
te proteins (or peptides) that contain a phosphate group(s) on a serine or threonine moiety 
(termed Ser/Thr phosphatases) and (2) those that remove a phosphate group(s) from the 
amino acid tyrosine (temned protein tyrosine phosphatases or PTPases or PTPs). 

The PTPases are a family of enzymes that can be classified into two groups: a) 
intracellular or nontransmembrane PTPases and b) receptor-type or transmembrane 
PTPases. 

Intracellular PTPases: Most known intracellular type.PTPases contain a single 
conserved catalytic phosphatase domain consisting of 220-240 amino acid residues. The 
regions outside the l=TPase domains are believed to pfay important roles in localizing the 
intracellular PTPases subceilularty (Mauro, LJ. and Dixon. J.E. TIBS 19: 151-155 (1994)). 
The first intracellular PTPase to be purified and characterized was PTP1B, which was 
isolated firom human placenta (Tonks etai, J. Biol. Chem. 263: 6722-6730 (1988)). Shortly 
after, PTP1B was cloned (Charbonneau et ai, Proc. Natl. Acad. Sci. USA 86: 5252-5256 
(1989); Chemoff ef a/., Proc, Natl, Acad Sci. USA 87: 2725-2789 (1989)). Other examples 
of Intracellular PTPases include (1) T-cell PTPase/ TC-PTP (Cool etal. Proc. Naif. Acad. 
Sci. USA 86: 5257-5261 (1989)), (2) rat brain PTPase (Guan et af., Proc. Natl. Acad Sci. 
USA 87:1501-1502 (1990)). (3) neuronal phosphatase STEP (Lombroso et a/., Proc. Natl. 
Acad. Sci. USA 88: 7242-7246 (1991)), (4) ezrin-domain containing PTPases: PTPMEG1 
(Guef a/., Proc. Natl. Acad. Sci. USA 88: 5867-57871 (1991)). PTPH1 (Yang and Tonks, 
Proc. Natl. Acad. Sa\ USA 88: 5949-5953 (1991)). PTPD1 and PTPD2 (Mailer e/ a/., Proc. 
Natl. Acad Sd. USA 91: 7477-7481 (1994)). FAP-1/BAS (Sato etal., Science 268: 411- 
415 (1995); Banvtlle etal., J. Biol. Chem. 269: 22320-22327 (1994); Maekawa etal., FEBS 
Letters 337: 200-206 (1994)). and SH2 domain containing PTPases: PTP1C/SH- , 
PTPI/SHP-I (Plutzkyefa/./Proc.Watf,;\cacf. Sc/. a5WS9:112S-1^ ShenetaL, 
Nature Lond. 35Z. 736-739 (1991)) and PTP1D/Syp/SH-FTP2/SHP-2 (Vogel et ai, 
Science 259: 1611-1614 (1993); Feng etal., Sa'ence 259: 1607-1611 (1993); Bastein et 
ai, Biochem. Biophys. Res. Comm. 196: 124-^Z3 (1993)). 

/?ecepft>r-t/pe PTPases consist of a) a putative ligand^bfnding extracellular 
dornain, b) a transmembrane segment, and c) an intracellular catalytic region. The 
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Structures and sizes of the putative ligand-binding extracellular domains of receptor-type 
PTPases are quite divergent. In contrast, the intracellular catalytic regions of receptor-type 
PTPases are very homologous to each other and to the intracellular PTPases. Most 
receptor-type PTPases have two tandemly duplicated catalytic PTPase domains. 

The first receptor-type PTPases to be Identified were (1) CD45/LCA (Ralph. S.J., EMBOJ. 
6: 1251-1257 (1987)) and (2) LAR (Streull etaL, J. Exp. Med. 166: 1523-1530 (1988)) that 
were recognized to belong to this dass of enzymes based on homology to PTP1B 
(Charbonneau et ah, Proc. NaU. Acad. Sd. USA 86: 5252-5256 (1 989)). CD45 is a family of 
high molecular weight glycoproteins and is one of the most abundant leukocyte cell surface 
glycoproteins and appears to be exclusively expressed upon ceils of the hematopoietic 
system (Trowbridge and Thomas, Ann. Rev. Immunol. 12'. 85-1 16 (1994)). 

The identification of CD45 and LAR as members of the PTPase family was quickly 
followed by identification and cloning of several different members of the receptor-type 
PTPase group. Thus, 5 different PTPases, (3) PTPct, (4) PTPft (5) PTP5, (6) PTPe, and (7) 
PTPC, were identified in one early study (Krueger etai., EMBO J. 9: 3241-3252 (1990)). 
Other examples of receptor-type PTPases include (8) PTPy (Bamea et al, Mol Cell. Biol. 
13: 1497-1506 (1995)) which, like PTP? (Krueger and Saito, Proc. Natt. Acad Set. USA 89: 
7417-7421 (1992)) contains a carbonic anhydrase-like domain in the extracellular region, 
(9) PTPm (Gebbink etaL, FEBS Letters 29a. 12^-130 (1991)). (10) PTPk (Jiang etai, Moi 
Cell. Biol. 13: 2942-2951 (1993)). Based on stojctural differences the receptor-type 
PTPases may be dassrfied into subtypes (Fischer et ai. Science 253: 401 406 (1991)): (I) 
CD45: (II) LAR. PTP5. (11) PTPa ; (III) PTP . (12) SAP-1 (Matozaki etal., J. Biol. Chem. 
269: 2075-2081 (1994)). (13) PTP-U2/GLEPP1 (Seinniya etal.. Oncogene 10: 1731-1738 
(1995); Thomas etal., J. Biol. Chem. 269: 19953-19962 (1994)), and (14) DEP-1; (IV) 
PTPa, PTPe. All receptor-type PTPases except Type III contain two PTPase domains. 
Novel PTPases are continuously identified. In the earty days of PTPase research, it was 
believed that the number of PTPs would match that of protein tyrosine kinases (PTKs) 
(Hanks and Hunter. FASEB J. 9: 576-596 (1995)). However, although about 90 open 
reading frames in C. elegans contain the hallmark motif of PTPs, it now seems that the , 
estimate of 'dassical' PTPases must be downsized, perhaps to between 100 and 200 in 
humans. . ^ 

PTPases are the biological counterparts to protein tyrosine kinases Therefore, 
one important function of PTPases is to control, dbwn-regulate, ttie activity of PTKs. 
However, a more compi x picture of th function of PTPases has merged. Thus, several 
studies have shown that some PTPases may actually act as positive mediators of cellular 
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signaling. As an example, the SH2 domain-containing SHP-2 seems to act as a positive 
mediator in insulin-stimulated Ras activation (Noguchi etaL, Mol. Cell. Biol. 14: 6674-6682 
(1994)) and of growth factor-induced mitogenic signal transduction (Xiao et al.. J. Biol. 
Chem. 269: 21244-21248 (1994)), whereas the homologous SHP-1 seems to act as a 
5 negative regulator of growth factor-stimulated proliferation (Bignon and Siminovitch, 
Cltn.lmmunoL tmmunopathol. 73: 168-179 (1994)), Another example of PTPases as 
positive regulators has been provided by studies designed to define the activation of the 
Src-family of tyrosine kinases. In particular, several lines of evidence indicate that CD45 is 
positively regulating the activation of hematopoietic cells, possibly through 

10 dephosphorylation of the C-terminal tyrosine of Fyn and Lck (Chan et ai, Annu, Rev. 
Immunol. 12: 555-592 (1994)). 

PTPases were originally Identified and purified from cell and tissue lysates using a va- 
riety of artificial substrates and, therefore, their natural function of dephosphorylation was not 
well known. Since tyrosine phosphorylation by tyrosine kinases is usually associated with cell 

15 proliferation, cell transfonmaton and cell differentiation, it was assumed that PTPases were 
also associated with these events. This association has now been proven to be the case with 
many PTPases. PTP1B, a phosphatase whose structure was the first PTPase to be elucida- 
ted (Barford etal.. Science 263:1397-1404 (1994)) has been shown to be involved in insulin- 
induced oocyte maturation (Pint et at., The BMBO J. 12:1937-46 (1993)) and it has been 

c-erbB2 

20 suggested that the overexpression of this enzyme may be involved In p185 -associated 
breast and ovarian cancers (Wiener, etal, J. Natl, cancer Inst 86:372-8 (1994); Weiner et 
al.. Am, J. Obstet Gynecol. 170:1177-883 (1994)). The association with cancer is recent evi- 
dence which suggests that overexpression of PTP1B is statistically con-elated with increased 
- levels of pi 85*^ " in ovarian and breast cancer. The role of PTP1 B In the etiology and pro- 

25 gression of the disease has not yet been elucidated. Inhibitors of PTP1 B may therefore help 
darify the role of PTP1 B in cancer and in some cases provide therapeutic treatment for cer- 
tain forms of cancer. 

PTPases: the insulin receptor signaling pathwav/diabetes 

30 . - 

Insulin Is an Important regulator of different metabolic processes and plays a key role in the 
control of blood glucose. Defects related to Its synttiesis or signaling lead to diabetes 
mellitus. Binding of insulin to the insulin receptor (IR) causes rapid (auto)phosphorylation of 
several tyrosin residues in the intracellular part of th p-subunit Three clqsely positioned 

35 tyrosine residues (the tyrosine-1 1 50 domain) must all be phosphorylated to obtain full . . 
activity of the insulin receptor tyrosine kinase (IRTK) which transmits the signal further 
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downstream by tyrosine phosphorylation of other cellular substrates, including insulin 
receptor substrate-1 (IRS-1) (Wilden etal., J. Biol. Chem. 267: 16660-16668 (1992); Myers 
and White, Diabetes 4Z 643-650 (1993); Lee and Piich. Am. J. Physiol. 266: C319-C334 
(1994); White etal., J. Biol. Chem. 263: 2969-2980 (1988)). The structural basis for the 
function of the tyroslne-tripiet has been provided by X-ray crystallographic studies of IRTK 
that showed tyrosine-1150 to be autoinhibitory in its unphosphorylated state (Hubbard et 
aL, Nature 37^ 746-754 (1994)) and of the activated IRTK (Hubbard. EMBO J. 16:5572- 
5581 (1997)). 

Several studies cleariy indicate that the activity of the auto-phosphojyiated IRTK 
can be reversed by dephosphorylation m vitro (reviewed in Goldstein, Receptor ^. 1-15 
(1993); Mooney and Anderson, J. BioL Chem. 264: 6850-6857 (1989)), with the tri- 
phosphorylated tyrosine-1 150 domain being the nnosl sensitive target for protein-tyrosine 
phosphatases (PTPases) as compared to the di- and mono- phosphorylated fonms (King et 
a/., Biochem. J. 275: 41 3-41 8 (1 991 )). This tyrosine-triplet functions as a control switch of 
IRTK activity and the IRTK appears to be tightly regulated by PTP-mediated 
dephosphorylaticn in vivo (Khan etal., J. Biol. Chem. 264: 12931-12940 (1989); Faure et 
a/., J. Biol. Chem. 267: 11215-11221 (1992); Rothenberg etal., J. Biol. Chem. 266: 8302- 
8311 (1991)). The intiniate coupling of PTPases to the insulin signaling pathway is further 
evidenced by the finding that insulin differentially regulates PTPase activity in rat hepatoma 
cells (Meyerovitch etal., Biochemistry 31: 10338-10344 (1992)) and in livers firom alloxan 
diabetic rats (Boylan et ai, J. Oin. Invest 90: 1 74-1 79 (1 992)). 

Until recentty, relatively little was Icnown about the identity of the PTPases 
involved in IRTK regulation. However, the existence of PTPases with activity towards the 
insulin receptor can be demonstrated as indicated at>ove. Further, when the strong 
PTPase-inhibitor pervanadate is added to whole cells an almost full insulin response can 
be obtained in adipocytes (Fantus ef a/., Biochemistry 28: 8864-8871 (1989); Eriksson et 
all, Diabetofogia 39: 235-242 (1995)) and skeletal musde (Leighton etal., Biochem. J. 276: 
289-292 (1991)). In addition, other studies show that a new dass of peroxovanadium 
compounds act as potent hypoglycemic compounds in vivo (Posner et a/. ,supra). Two of 
these compourtds were demonstrated to be more potent inhibitors of dephosphorylation of 
the insulin receptor than of ttie EGF-receptor. thus indicating that even such relatively 
uhselective inhibitors may convey sipme spedfldty in regulating different signal transduction 
pathways. 

It was recently found by Montreal-based research groups that mice lacking the protein 
tyrosine phosphatase- IB gen (PTP1B) (Elchebly ef al.. Science 283: 1544-1548 (1999)) 
yielded healthy mice that showed increased insulin s nsitivity and resistance to dietnnduced 
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obesity. Importantly, these results have been confirmed and extended independently by another 
research team from Boston (Klaman et ai, MoL Cell. Biol 20: 5479-5489 (2000)). The en- 
hanced insulin sensitivity of the PTP^' mice was also evident in glucose and insulin tolerance 
tests. The PTP-1B knock-out mouse showed many characteristics which would be highly de- 
sirable to have for an anti-diabetes treatment. Most importantly, the knock-out mice grew 
normally and were fertile and have exhibited no increased incidence of cancer, as obviously 
there could have been concerns when one considers the mitogenic properties of insulin. 
From the diabetes perspective, the first notable features of the knock-out animals were that 
blood glucose and insulin levels were lowered, and the consequent marked increase in insu- 
lin sensitivity in the knock-out animals. Moreover, the insulin-stimulated tyrosine phosphory- 
lation levels of IR and IRS-1 were found to be increased/prolonged in muscle and liver - but 
not in fat tissue. Thus, the main target tissues for this type of approach would appear to be 
insulin action In liver and muscle. This is in contrast to the main target tissue for the PPARy 
agonist class of insulin sensitizers (the "-diones"), which is adipose tissue (Murphy & Nolan, 
Exp- Op/n. Invest. Drugs 9: 1347-1361 (2000)). Several other "diabetic" parameters were al- 
so Improved, such as plasma triglycerides being decreased in the knock-out mice. However, 
perhaps even more remarkably and unexpectedly, the knock-out animals also exhibited a 
resistance to weight gain when placed on a high-fat diet. This is again in contrast to the ac- 
tion of the PPARy agonist dass of insulin sensitizers, which rather induce weight gain 
(Murphy & Nolan, supra), and would suggest that inhibition of PTP-1B could be a particularly 
attractive option for treatment of obese Type II diabetics. This Is also supported by the fact 
that the heterozygous mice from this study showed many of these desirable features. In the 
Montreal study, there appeared to be no gender differences, whereas in the Boston study in 
general the male animals had larger responses to PTP-1B being knocked out. In both studi- 
es, the reduction in weight gain of the knock-out animals on the high fat diet was found to be 
due to a decreased fat cell mass, although differences were observed with respect to fat cell 
number. Leptin levels were also lower in the knock-out mice, presumably as a reflection of 
the decreased fat nnass. Significantly, tiie Boston gn^up also found tiiat the knock-out ani- 
mals had an increased energy expenditure of around 20% and an increased respiratory quo- 
tient conipared to the wild-type; again, heterozygote animals displayed an intermediate level 
of energy expenditure. Whether this increase in metabolic rate is a reflection of the effects of 
PTP-iB on insulin-signaling or on other cellular corriponents remains to be established, but 
the bottom-line message that inhibition of this enzyme may be an effective anti-diabetic and 
perhaps also anti-obesity therapy is clear. 

It should also be noted that in the PTP-1B knock-out mice th , basal tyrosine 
phosphorylation I vel of \h insulin receptor tyrosine kinase does not appear to be increas d, 



wo 01/19830 



PCT/DK0O/n(»5O2 



7 

which is in contrast to the situation after insulin treatment where there is an increased or pro- 
longed phosphorylation. This might indicate that other PTPs are controlling the basic 
phosphorylation state of the insulin receptor in the knock-out mice - and perhaps in man. 

Previous findings are in accordance with the results reported by Elchebly ei at. 
(supra) (recently reviewed in Kennedy. Biomed. Pharmacother. 53: 466-470 (1999)). Thus, 
it has been found that high glucose concentrat'on induce insulin resistance and increase 
the expression of PTP1 B in rat (fibroblasts expressing the human insulin receptor 
(Maegawa et at., J. Biol Chem. 270: 7724-7730 (1995)). In rat L6 cells, insulin and insulin- 
like growth factor I (IGF-I) were found to induce increased PTPase activity, including 
increased PTP1B expression (Kenner ef a/. J. Bioi. Chem, 266: 25455-25462 (1993)). In 
addition, the same group has showm that PTP1 B may interact directly with the activated IR 
(Seely etaf. Diabetes 45: 1379-1385 (1996)) and act directly as a negative regulator of 
insulin and IGF-l-stimulated signaling (Kenner et al. J. Bioi. Chem. 271: 19810-19816 
(1996)). Osmotic loading of rat KRC-7 hepatoma cells with neutralizing anti-PTPIB 
antibodies also indicated a role for PTP1 B in negative regulating of the insulin signaling 
pathway (Akmad et al. J. Biol. Chem. 270: 20503-20508 (1995)). 

Also other PTPases have been implicated as regulators of the insulin signaling 
pathway. Thus, it was found that the ubiquitously expressed SH2 domain containing 
PTPase, PTP1D/SHP-2 (Vogel ef a/., 1993, supra), associates with and dephosphorylates 
IRS-1 , but apparently not the IR itself (Kuhn6 et al„ J. Bid. Chem. 266: 1 1 479-1 1481 
(1 993): (Kuhn6 ef a/., J. Bioi. Chem. 269: 1 5833-1 5837 (1 994)). 

Other studies suggest that receptor-type or rriembrane-associated PTPases are 
involved In IRTK regulation (Faure etai., J. Bioi. Chem. 267: 11215-11221 (1992). (Hiring 
et al., Biochemistry 23: 3298-3306 (1984); Sale, Adv. Pmt. Phosphatases 6: 159-186 
(1991)). Hashimoto et al have proposed that LAR might play a role in the physiological 
regulation of insulin receptors in intact cells (Hashimoto et al., J. Biol. Chem. 267: 1381 1- 
13814 (1992)). Their conclusion was reached by comparing the rate of dephosphory^ 
ation/inaclivation of purified IR using recombinant PTP1 B as well as the cytoplasmic 
domains of LAR and PTPa. Antisense inhibition was used to study the effect of LAR on 
insulin signaling in a rat hepatoma cell line (Kulas et al., J. Biol. Chem. 27a 2435-2438 
(1 995)). A suppression of LAR protein levels by alwut 60 percent was paralleled by an 
approximately 1 50 peircnt increase In insulin-induced auto-phosphorylation. However, only 
a modest 35 percent increase In IRTK activity was obsenred, whereas the insulin- 
d pend nt phpsphatidylinositol 3-kinase (PI 3-kinase) activity was signi^^ 
by 350 percent Reduced LAR levels did not alter the basal I vel of IRTK tyrosine 
phosphorylation or activity. Th authors speculate that t_AR could spedficaliy 
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dephosphorylate tyrosine residues that are critical for PI 3-kinase activation either on the 
insulin receptor itself or on a downstreann substrate. Conflicting results have been 
reported for PTP-LAR knock-out mice. Thus, Goldstein and coworkers reported that 
transgenic mice deficient in PTP-LAR exhibit profound defects in glucose-homeostasis 
5 (Ren et al.. Diabetes 47: 493-497 (1998)). However, it is difficult to fully assess the 
contribution of LAR deficiency to the glucose homeostasis in these mice due to the fact 
that the control mice were of a different genetic background than the knock-out mice. 
Moreover, normal glucose homeostasis was reported in a different strain of PTP-i-AR 
knock-out mice (Sorensen etaL, Diabetologia 40: A143 (1997)). 

1 0 While previous reports indicate a role of PTPa in signal transduction through src 

activation (Zheng etal., Nature 359: 336-339 (1992); den Hertog etaL, EMBOJ. 12: 3789- 
3798 (1 993)) and interaction with GRB-2 (den Hertog et aL, EMBO J, 13'. 3020^032 
(1994); Su eiai, J. Biol. Ohem. 269: 18731-18734 (1994)), Mailer, Lammers and 
coworkers provided results that suggest a function for this phosphatase and its dose 

1 5 relative PTP as negative regulators of the insulin receptor signal (Moller et ai . 1 995 
supra; 

Lammers, et ai , FEBS Lett, 404:37-40 (1 997). These studies also indicated that receptor-like 
PTPases might play a significant role In regulating the IRTK. 

Other studies have shown that PTP1B and TC-PTP are likely to be involved in the 

20 regulation of several other cellular processes in addition to the described regulatory roles in 
Insulin signaling. Therefore, PTP1B and/or TC-PTP as well as other PTPases showing key 
stRjctural features with PTP1 B and TC-PTP are likely to be important therapeutic targets in 
a variety of human and animal diseases. The compounds of the present invention are 
useful for modulating or inhibiting PTP1 B and/or TC-PTP and/or other PTPases shovwng 

25 key structural features with said PTPases and for treating diseases in which said 

modulation or inhibition is indicated. A few examples that are not intended in any way to 
limit the scope of the invention of substrates that nnay be regulated by PTP1B vyill be given 
below. 

Tonks and coworkers have developed an elegant 'substrate trapping' technique 
30 ' ttiat has allowed identification of the epldemnat growtii factor receptor (EQF-R) as a major 
substrate of PTPIB in COS cells (Flint ef a/. Pma Natl. Acad. Sci, USA 94: 1680-1685 
(1997)). In addition, tiiree other as yet unidentified substrates of PTP1 B were isolated. As 
an example of these studies, it has been found - using the above substrate-trapping 
technlqu - tfiat PTP1 B in addition to the EGF-R assodates witii activated plateletnd rived 
35 growtii factor receptor (PDGF-R), but not with colony-stimulating factor 1 receptor (CSF- 
1R) (Uu & Chemoff, Biochem. J. 327-139-145 (1997)). 
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Eariy studies have shown that the subcellular localization as well as the enzyme 
activity of PTP1B may be regulated by agonist-induced calpain-catalyzed cleavage in 
human platelets (FrangionI etai EMBOJ. ^2: 4843-4856 (1993)). Moreover, PTP1B 
cleavage conrelated with the transaction from reversible to irreversible platelet aggregation. 
Thus, as a non-limiting example compounds of the present Invention might be used to 
prevent or induce Irreversible platelet aggregation in individuals in need thereof. It was 
pnDposed that the deavagennduced change in the subcellular localization of PTP1 B (from 
membrane to cytosol) results in different substrate spedfidty not only in platelet but also in 
other cell types (Frangioni ef a/., supra). 

The above substrate trapping method has further been used to identify the protein 
tyrosine kinase p210'^^ as a substrate for PTP1 B (LaMontagne. Jr. et ai. Mol. Cell, Biol. 
18: 2965-2975 (1998)). These studies suggest that PTP1B might function as a negative 
regulator of p21 0***"^ signaling in vivo. In addition, PTP1 B was recently found to bind to 
and dephosphorylate the docking protein pi 30^ in rat fibnoblasts and thereby suppress 
transfonmation by v-crk, v-src, and v-ras, but not by v-raf (Liu et al. Mol. Ceil Biol, 18: 250- 
259 (1998)). 

The transmembrane PTPase CD45, which is believed to be hematopoietic cell- 
spedfic, was found to negatively regulate the insulin receptor tyrosine kinase in the human 
multiple nrryeloma cell line U266 (Kulas etal.. J. Biof. Chem. 271: 755-760 (1996)). 

Further, PTPases influences the following hormones or diseases or disease 
states: somatostatin, the immune system/autoimmunity, cell-cell interactions/cancer, 
platelet aggregation, osteoporosis, and microorganisms, as disdosed in PCT Publication 
WO 99/15529. 

Somatostatin inhibits several biological functions induding cellular proliferation 
(Lamberts etaJ., Molec. Endocrinol, ft 1289-1297 (1994)), While part of the antiproliferative 
activities of somatostatin are secondary to its inhibition of hormone and growUi factor 
secretion {e.g. growth honmone and epidemnal growth factor), other antiproliferative effects 
of somatostatin are due to a direct effect on tiie target cells. As an example, somatostatin 
analogs inhibit the growth of pancreatic cancer presumably via stimulation of a single 
PTPase, or a subset of PTPases, rather than a general activation of PTPase levels in ttie 
cells (Uebow et a/., Proc. Watf. Acad. Sd USA 56: 2003-2007 (1989); Colas et at., Eur, J. 
fi/ochem. 207: 1017-1024 (1992)). 
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PTPases: the immune system/autoimmunitv 

Several studies suggest that the receptor-type PTPase CD45 plays a critical role not only 
for initiation of T cell activation, but also for maintaining the T cell receptor-mediated 
signaling cascade. These studies are reviewed in: (Weiss A., Ann. Rev. Genet. 25: 487- 
510 (1991); Chan etai, Anna. Rev. Immunol. 12. 555-592 (1994); Trowbridge and 
Thomas, Annu, Rev, Immunol 12: 85-1 16 (1 994)). 

CD45 is one of the most abundant of the cell surface glycoproteins and is expressed 
exclusively on hemopoetic cells. In T cells, it has been shown that CD45 Is one of the critical 
components of the signal transduction machinery of lymphocytes. In particular, evidence has 
suggested that CD45 phosphatase plays a pivotal role in antigen-stimulated proliferation of T 
lymphocytes after an antigen has bound to the T cell receptor (Trowbridge, Ann, Rev. Immu- 
nol, 12: 85-1 16 (1994)). Several studies suggest that the PTPase activity of CD45 plays a 
role in the activation of Lck, a lymphocyte-specific member of the Src family proteln-tyrosine 
kinase (Mustelin etal., Proc. Natl. Acad, Set. USA 86: 6302-6306 (1989); Ostergaard etal., 
Pfoc. Natl. Acad. Set. USA 86: 8959-8963 (1989)). These authors hypothesized that the 
phosphatase activity of CD45 activates Lck by dephosphorytation of a C-temninal tyrosine 
residue, which may, in turn, be related to T-cell activation. Thus, It was found that recombi- 
nant p56lck specifically associates with recombinant CD45 cytoplasmic domain protein, but 
not to the cytoplasmic domain of the related PTPa (Ng et at., J. Biol. Chem, 271: 1295-1300 
(1996)). The p56lck-CD45 interaction seems to be mediated via a nonconventional SH2 do- 
main interaction not requiring phosphotyrosine. In immature B cells, another member of the 
Src family proteln-tyrosine kinases. Fyn, seems to be a selective substrate for CD45 com- 
pared to Lck and Syk (Katagiri et al., J. Biol. Chem. 270: 27987-27990 (1995)). 

Studies using transgenic mice with a mutation for the CD45-exon6 exhibited lacked 
mature T cells. These mice did not respond to an antigenic challenge with the typical T cell 
mediated response (Kishihara etai. Cell 74:143-56 (1993)). Inhibitors of CD45 phosphatase, 
would therefore be very effective tiierapeutic agents in conditions that are associated with 
autoimmune diseases with rheumatoid arthritis, systemic lupus erythematosus, type I diabe- 
tes, and Inflammatory bowel disease as norKllmlting examples. Another important use of 
CE345 inhibitors is for immunosuppression In connection with tissue or cell transplantation 
and otiier condtloris wiUi need for Immunosuppressive treatment. ■ 

CD45 has also been shown to be essential for the antibody mediated degranulation 
of mastce!ls(Berger e/al., .J. Exp. Med. tfl0:471-6 (1994))..Thes studies were also done 
with mice tiiat were CD45-deficient. In this cas , an IgE-mediated degranulation was demori- 
sti^ted in wild type but not CD46-deficient T cells from mice. These data suggest that CD45 
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inhibitors could also play a role in the symptomatic or therapeutic treatment of allergic disor- 
ders with asthma, allergic rhinitis, food allergy, eczema, urticaria and anaphylaxis as non- 
limiting examples. 

Another PTPase, an inducible lymphoid-spedfic protein tyrosine phosphatase 
(HePTP) has also been implicated in the Immune response. This phosphatase is expressed 
in both resting T and B lymphocytes, but not non-hemopoetic cells. Upon stimulation of these 
cells, mRNA levels from the HePTP gene increase 10-15 fold (Zanke etal., Eur. J. Immunoi 
22: 235-239 (1992)). In both T and B cells HePTP may function during sustained stimulation 
to modulate the immune response through dephosphorytation of specific residues. Its exact 
role, however remains to be defined. 

Likewise, the hematopoietic cell specific SHP-1 seems to act as a negative regulator 
and play an essential role in immune cell developmentin accordance with the above- 
mentioned important function of CD45. HePTP and SHP-1 , selective PTPase inhibitors may 
be attractive drug candidates both as immunosuppressors and as immunostimulants. Recent 
studies illustrate the potential of PTPase inhibitors as immunmodulators by demonstrating 
the capacity of the non-selective vanadium-based PTPase inhibitor, BMLOV, to induce ap- 
parent B cell selective apoptosis compared to T cells (Dawson et al., FEBS Lett. 478: 233- 
236; Schieven et at., J. Biot. Chem. 270: 20824-20831 (1995)). 

PTPases: cell-cell interactions/cancer 

Focal adhesion plaques, an in vitro phenomenon in which specific contact points are formed 
when fibroblasts grow on appropriate substrates, seem to mimic, at least in part, cells and their 
natural surroundings. Several focal adhesion proteins are phosphorylated on tyrosine residues 
when fibroblasts adhere to and spread on extracellular matrix (Gumbiner, Neuron 1 1: 551-1564 
(1993)). However, aberrant tyrosine phosphorylation of these proteins can lead to cellular 
transfonmatlon. The intimate association between PTPases and focal adhesions is supported by 
the finding of several intracellular PTPases with ezrin-like N-temninal domains, e.g. PTPMEG1 
(Gu et al., Proc. Natl. Acad. Sd, USA 88: 5867-5871 (1991), PTPH1 {Yang and Tonks, Proc. 
Nati Acad. Sd. USA 8&. 5949-5953 (1991)) and PTPD1 (Moller etai. Proa Natl. Acad. Sd. 
USA 91: 7477-7481 (1994)). The ezrin-like domain shows similarity to several proteins that are 
believed to act as links between the cell membrane and the cytoskeleton. PTPD1 was found to 
b phosphorylated by and associated with c-src in vitro and is hypothesized to be involved in 
^ th regulation of phosphorylation of focal adhesions (Mailer et al., supra). 
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PTPases may oppose the action of tyrosine kinases, including those responsible 
for phosphorylation of focal adhesion proteins, and may therefore function as natural 
inhibitors of transformation. TC-PTP. and especially the taincated form of this enzyme 
(Cool etal,, Proc. Nati Acad. Set. USA 87: 7280-7284 (1990)), can inhibit the transforming 
activity of v-erf) and v-fms (Lammers et ai, J. Biol. Chem. 268: 22456-22462 (1993), 
Zander et ai, Oncogene 8: 1 175-1 182 (1993)). Moreover, it was found that transformation 
by the oncogenic form of the HER2/neu gene was suppressed in NIH 3T3 fribroblasts 
overexpressing PTP1B (Brown-Shimer etai, Cancer Res. 52: 478-482 (1992)). 

The expression level of PTP1B was found to be increased in a mammary cell line 
transformed with neu (Zhay et ai. Cancer Res. 53: 2272-2278 (1993)). The Intimate 
relationship between tyrosine kinases and PTPases in the development of cancer is further 
evidenced by the finding that PTPe is highly expressed in murine mammary tumors in 
transgenic mice over-expressing c-neu and v-Ha-ras, but not o-myc or int-2 (Elson and 
Leder, J. BioL Chem. 270: 261 16-26122 (1995)). Further, the human gene encoding PTPy 
was mapped to 3p21, a chromosomal region, which is frequently deleted in renal and lung 
cardnomas (LaForgia et a!., Proc. Natl. Acad. Sci. USA 88: 5036-5040 (1991)). 

In this context, it seems significant that PTPases appear to be involved in 
controlling the growth of fibroblasts. Thus, it was found that Swiss 3T3 cells harvested at 
high density contain a membrane-assodated PTPase whose activity on an average is 8- 
fold higher than that of cells harvested at low or medium density (Pailen and Tong, Proc. 
Natl. Acad ScL USA 88: 6996-7000 (1 991 )). It was hypothesized by the authors that 
density-dependent inhibition of cell growth Involves the regulated elevation of the activity of 
the PTPase(s) in question. In accordance with this view, a membrane-bound, receptor-type 
PTPase, DEP-1 , showed enhanced (>=1 0-foId) expression levels with increasing cell 
density of WI-38 human embryonic lung fibroblasts and in the AG1 51 8 fibroblast cell Itrie 
(Ostman ef at., Proc. Natl, Acad. ScL USA 91: 9680-9684 (1994)). 

Two dosety related receptor-type PTPases, PTPk and PTPjj, can mediate 
homophilic cell-cell Interaction when expressed in non-adherent Insect cells, suggesting 
that these PTPases might have a nonmal physiological function in cell-to-oell signalling 
(Gebbink etal., J. Biol. Chem. 268: 16101-16104 (1993). Brady-Kalnay etal., J. Cell Biol. 
122: 961-972 (1993); Sap etai., Md. Ceil. Biol. 14: 1-9 (1994)): Interestingly. PTPk and 
PTPm do not interact with each other, despite their structural similarity (Zondag etal., J. 
Biol, Chem. 270. 14247-1 4250 (1 995)). From the studies described above it is apparent 
that PTPases may play an important rol In regulating nomial cell growth. However, as 
pointed out above, other studies indicate that PTPases may also function as positive . 
mediators of intracellular signaling and thereby induce or enhance mitogenic responses. 
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Increased activity of certain PTPases might therefore result in cellular transfomnation and 
tumor formation. Indeed, in one study over-expression of PTPa was found to lead to 
transformation of rat embryo fibroblasts (Zheng, supra). In addition, SAP-1 was found to be 
highly expressed in pancreatic and colorectal cancer ceils. SAP-1 is mapped to 
chromosome 19 region q13.4 and might be related to cardnoembryonic antigen mapped to 
19q13.2 (Uchida etaL, J. Biol. Chem. 269: 12220-12228 (1994)). Further, the dsPTPase. 
cdc25, dephosphorylates cdc2 at Thr14/Tyr-15 and thereby functions as positive regulator 
of mitosis (reviewed by Hunter, Cell 80. 225-236 ( 1 995)). Inhibitors of specific PTPases are 
therefore likely to be of significant therapeutic value in the treatment of certain fomns of 
cancer. 

PTPases: platelet aggregation 

PTPases seem to be centrally involved In platelet aggregation. Thus, agonist-induced 
platelet activation results in calpain-catalyzed cleavage of PTP1 B witii a concomitant 2-fold 
stimulation of PTPase activity (Frangioni et al„ EMBO J. 12: 4843-4856 (1993)). The 
cleavage of PTP1B leads to subcellular relocation of the enzyme and correlates with flie 
transition from reversible to irreversible platelet aggregation in platelet-rich plasma. In , 
addition, the SH2 domain containing PTPase, SHP-1, was found to translocate to tiie 
cytosl^eleton in platelets after thrombin stimulation in an aggregaliorvdependent manner (U 
et al„ FEBS Lett 343: 89-93 (1994)). 

. Although some details in the above two studies have been questioned, there is 
over-all agreement that PTP1B and SHP-1 play significant functional roles in platelet 
aggregation (Ezumi et a!., J. Biol. Chem, 270: 1 1927-1 1934 (1995)). In accordance with 
these observations, treatinent of platelets vA\h the PTPase inhibitor pervanadate leads to 
significant increase in tyrosine phosphorylation, secretion and aggregation (Pumiglia e/a/., 
S/oc/jem. J. 286; 441-449 (1992)). 

PTPases: osteopofosls 

The rate of bone formation is detemnined by the number and the activity of osteoblasts, 
which in term are detennined by tfie rate of pix)liferation and differentiation of osteoblast 
progenitor cells, respectively. HIstomorphometiic studies indicate that the osteoblast 
number Is ttie primaiy determinant of tiie rate of bone fomiation in humans (Gruber et ai. 
Mineral Electrolyte Metab, 1Z 246-254 (1987), reviewed in Lau a/., Biochem. J. 257: 23- 
36 (1989)): Acid phosphatases/PTPases may be involved in negative regulation of • 
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osteoblast proliferation. Thus, fluoride, which has phosphatase inhibitory activity, has been 
found to increase spinal bone density in osteoporotics by increasing osteoblast proliferation 
(Lau etai, supra). Consistent with this observation, an osteoblastic acid phosphatase with 
PTPase activity was found to be highly sensitive to mitogenic concentrations of fluoride 
5 (l^u etal., J. Biol. Chem. 260: 4653-4660 (1985), Lau etaL, J. BioL Chem. 262: 1389-1397 
(1987), Lau et ai. Adv. Protein Phosphatases 4: 165-198 (1987)). Interestingly, the level of 
membrane-bound PTPase activity was increased dramatically when the osteobtast-liI<e cell 
line UMR 106.06 was grown on collagen type-l matrix compared to uncoated tissue culture 
plates. Since a significant increase in PTPase activity was observed in density-dependent 

1 0 growth arrested fibroblasts (Pallen and Tong, Proc. Natl. Acad, Set. 88: 6996-7000 (1 991 )). 
it might be speculated that the increased PTPase activity directly inhibits cell growth. The 
mitogenic action of fluoride and other phosphatase inhibitors (molybdate and vanadate) 
may thus be explained by their inhibition of add phosphatases/PTPases that negatively 
regulate the cell proliferation of osteoblasts. The complex nature of the Involvement of 

1 5 PTPases in bone fonnation is further suggestedl by the Identification of a novel parathyroid 
regulated, receptor-like PTPase, OST-PTP, expressed in bone and testis (Mauro et al., J. 
BioL Chem. 269: 30659-30667 (1994)). OST-PTP is upHoeguIated following differentiation 
and matrix formation of primary osteoblasts and subsequently dowri-regulated in the 
osteoblasts which are actively mineralizing bone in culture. It may be hypothesized that 

20 PTPase inhibitors may prevent differentiation via inhibition of OST-PTP or other PTPases 
thereby leading to continued proliferation. This would be In agreement with the above- 
mentioned effects of fluoride and the observation that the tyrosine phosphatase Inhibitor 
orthovanadate appears to enhance osteoblast proliferation and matrix fomnation (Lau etai. 
Endocrinology 116: 2463-2468 (1988)). In addition, it was observed that vanadate, vanadyl 

25 and pen^anadate all increased the growth of the osteoblast-like cell line UMR1 06. Vanadyl 
and pervanadate were stronger stimulators of cell growth than vanadate. Only vanadate 
was able to regulate the cell differentiation as measured by cell alkaline phosphatase 
activity (Cortizo etal., MoL Cell. Biochen}. 145: 97-102 (1995)). It Is of particular interest to 
the current invention that several studies have shown that bisphosphonates, such as 

30 alendronate and tiludronate. inhibit the PTPase adivfty in osteoclasts, and that the 

inhibition of PTPase activity conflated with the Inhibition of in vitro osteoclast fbnnation and 
boneresbrption (Schmidtef a/.. Proc. Natl. Acad, Sd. USA. 93: 3068-3073 (1996); . 
Murakami etaL, Bone 20: 399-404(1997); Opas et al., Bk^em. Pharmacol. 54: 721-727 
(1997); Skoreyefa/., J. e/b/.C/jern. 272: 22472-22480 (1997)). Thus. f^PaseinWbitor^ 

35 other tiian bisphophonates - can potentially be effectiy for prevention and/or treatment of 
.osteoporosis. ' 
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PTPases: microorQanisms 

Dixon and coworkers have called attention to the fact that PTPases may be a key element 
in the pathogenic properties of Yersinia (reviewed in Clemens etaf. Molecular Microbiology 
5: 2617-2620 (1991)). This finding was rather surprising since tyrosine phosphate is 
thought to be absent in bacteria. The genus Yersinia comprises 3 species: Y. pestis 
(responsible for the bubonic plague), Y, pseudoturberculosis and Y. enterocolitica (causing 
enteritis and mesenteric lymphadenitis). Interestingly, a dual-spedfidty phosphatase, VH1 . 
has been identified in Vacdnia virus (Guan et al., Nature 350. 359-263 (1991)). These 
observations indicate that PTPases may play critical roles in microbial and parasitic 
infections, and they further point to PTPase inhibitors as a novel, putative treatment 
prindple of infectious diseases. 

WO 99/46267 disdoses compounds which are pharmacologically useful inhibitors of 
PTPases. However, the present Invention which represents a novel selection under WO 
99/46267, discloses a dass of compounds which surprisingly are more potent against protein 
tyrosine phosphatases (e.g. PTP1B) than those disclosed In WO 99/46267. 

DESCRIPTION OF THE INVENTION 

The jjresent invention relates to Compounds of the Fonmula 1 wherein n, m, X, Ri. R2, R3, 
R4, R5 and Re are defined below; 




O-R, 



Formula 1 



In the above Formula 1 



nisO, 1 or 2; 
mis lor 2; 
XisSorO : 



Ri is hydrogen, COOR3, or R, is selected from the group consisting of the following 5- 
memb red heterocydes: 
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Rz is hydrogen, Ci-Cealkyl, hydroxy or NReRg; 

R3 Is hydrogen, Ci-CealkyI, arylCi-CealkyI, d-CealkylcarbonyloxyCi-Cealkyl or Cr 
CealkylcarbonyloxyarytCi-Coalkyl; 

R4, Rs and Reare independently hydrogen, trihalomethyl, Ci-CealkyI, aryl. arylCrCealkyl, hy- 
droxy, 0x0, carboxy, carboxyCi-CeaikyI, Ci-Cealkyloxy-carbonyt, aryloxycarbonyl, aryld- 
Cealkyloxycarbonyl, Ci-Cealkyloxy, Ci-CealkyloxyCi-CsalkyI, aryloxy, arylCrCealkyloxy, 
arylCrCsalkyloxyCi-Csalkyl, thio. Ct-Cealkylthio, Ci-CealkylthioCrCsalkyl. arylthio, arylCi- 
Cealkylthio, arylCi-CealkylthioCi-CealkyI, NRaRg, RaRoNCi-Ceatkyl. Ci-CealkylamfnoCi- 
Coalkyl, arylaminoCi-Cealkyl, arylCi-CealkylaminoCi-CealkyI, di(aryICt-C6alkyl)annlnoCi- 
Cealkyt, CrCealkyfcarbonyl, Ci-Ceaikyl-carbonylCrCealkyI, arylCrCsalkylcarbonyl, arylCi- 
CealkylcarbonylCi-Cealkyl. Ci-Csalkylcarboxy, Ci-CsalkylcarboxyCi-Ce-alkyI, arylcartoxy, 
aryicarboxyCi-CealkyI, arylCi-Cealkylcarboxy, arylCi-CsalkylcarboxyCrCealkyl, d- 
Cealkylcarbonylaminp, Ci-CoalkylcarbonylaminoCrCaalkyl, arylcarbonylamirioCi-CsalkyI, 
-carbonylNRaCi-C6alkylCORi2, arylCrCealkylcarbonylamino, arylCi-CealkylcarbonylamlnoCr 
Ceaikyl. CONRaRg. or Ci-CealkylCONReRs wherein the alkyi and aryl groups are optionally 
substituted and R12 is NRaRg, or Ci-CealkylNRaRg: 

R7 Is hydrogen, Ct-CealkyI, aryl, aryiCi-Cealkyl, Ci-Cealkylcarbonyl, d- 
Cealkyloxdcarbonyl. arylcarbonyl, aryloxocarbonyl, aryld-Cealkylcarbonyl. aryld- . 
dalkyioxocarbonyi, Ci-Cealkylcarboxy, aryld-dalkylcarboxy, RioRnNcarbohylCrCealkyl 
wherein Rio and Rn are independently selected from hydrogen, d-CBalkyI, aryl, arylCt- 
CealkyI, Ci-Cealkylcarbonyl. arylcarbonyl, aiyiCi-Cealkylcarbonyl, Ci-Cealkylcarboxy or 
arytCrCealkyl-carboxy; wh reinth alkyI and aryl groups are optionally substituted; 



wo 01/19830 



PCT/DKflO/n0502 



17 

Rfl and Rg are independently selected from hydrogen, CrCealkyi, aryl, arylCi-CealkyI, 
CrCealkylcarbonyl, Ci-Cealkyfoxocarbonyl, arylcarbonyl, aryloxocarbonyt, aryfCi- 
Cealkylcarbonyl, arylCi-Cealkyloxocarbonyl, Ci-Cealkylcarboxy, arylCi-Cealkylcarboxy. 
RioRiiNcarbonylCi-CealkyI wherein the alkyl and aryl groups are optionally substituted; or 
Re and R9 are together with the nitrogen to which they are attached forming a saturated, par- 
tially saturated or aromatic cydic, bicyclic or tricyclic ring system containing from 3 to-14 car- 
bon atoms and from 0 to 3 additional heteroatoms selected from nitrogen, oxygen or sulphur, 
the ring system can optionally be substituted with at least one Ci-CealkyI, aryl, arylCi-Cealkyl. 
hydroxy, 0x0, C-Cealkyloxy. arylCi-Cealkyloxy, C-CsalkyloxyCi-Cealkyt, NR,oRii or C,- 
CealkylaminoCi-Cealkyl, wherein Rio and Ru are independentiy selected from hydrogen. Ci- 
Cealkyl, aryl, arylCi-Cealkyl, Ci-Cea!kylcarbonyl, arylcarbonyl, arylCi-Cealkylcarbonyi, Ci- 
Cealkylcarboxy or. arylCi-Cealkylcarboxy; wherein the alkyl and aryl groups are optionally 
substituted; or 

Ra and Rg are independently a saturated or partial saturated cyclic 5, 6 or 7 membered ami- 
ne, imide or lactam; 

or a salt thereof with a pharmaceutically acceptable add or base, or any optical isomer or 
mixture of optical isomers, Induding a racemic mixture, or any tautomeric fonn,.or prodrug 
thereof. 

The compounds of the invention can be further modified to act as prodrugs. 
It is a well known problem in drug discovery that compounds, such as enzyme inhibi- 
tors, may be very potent and selective in biochemical assays, yet be inactive irf vivo. This 
lack of so-called bioavailability may be ascribed to a number of different factors such as lack 
of or poor absorption in the gut. first pass metabolism in tiie liver, poor uptake in cells. Al- 
though the factors determining bioavalability are not completely understood, there are many 
examples in the sdentific literature - well known to those skilled in the art - of how to modify 
compounds, which are potent and selective in biochemical assays but show low or no activity 
in vivo, into daigs that are biologically active. It is vwthin the scope of the invention to modify 
the compounds of the invention, tenmed the 'original compound*, by attaching chemical 
groups that will improve the bioavailability of said compounds in such a way tiiat the uptake 
in cells or mammals is fadlitated.- Examples of said modifications; which are not intended in 
any way to linnit the scope of the.iriventibn. indude changing of one or more carboxy groups 
to esters (for instance methyl esters, etiiyl esters, acetoxymetiiyl esters or other acyloxy- 
meUiyl esters). Compounds of the invention, original compounds, such mbdjfied by attaching 
■ chemical groups are temried 'modified compounds*. Said chemical groups may: or may not be 
apparent in tiie dainris of this invention. Other xamples of modified compounds, which are 
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not intended in any way to limit the scope of the invention, are compounds that have been 
cyclized at specific positions - socalled 'cyclic compounds' - which upon uptal^e in cetts or 
mammals become hydrolyzed at the same specific position(s) in the molecule to yield the 
compounds of the invention, the original compounds, which are then said to be 'non-cyclic'. 
5 For the avoidance of doubt, it Is understood that the latter original compounds in most cases 
will contain other cyclic or heterocyclic stnjctures that will not be hydrolyzed after uptake in 
cells or mamnrials. Generally, said modified compounds will not show a behaviour in bio- 
chemical assays similar to that of the original compound, i.e. the corresponding compounds 
of the invention without the attached chemical groups or said modifications. Said modified 

10 compounds may even be inactive in biochemical assays. However, after uptake in cells or 
mammals these attached chemical groups of the modified compounds may In turn be re- 
moved spontaneously or by endogenous enzymes or enzyme systems to yield compounds of 
the invention, original compounds. 'Uptake' Is defined as any process that will lead to a sub- 
stantial concentration of the compound inside cells or In mammals. After uptake in cells or 

15 mammals and after removal of said attached chemical group or hydrolysis of said cyclic 
compound, the compounds may have the same structure as the original compounds and 
thereby regain their activity and hence become active in cells and/or in vivo after uptake. A . 
number of procedures, well knovm to those skilled in the art, may be used to verify that the 
attached chemical groups have been removed or that the cydic compound has been hydro- 

20 lyzed after uptake in cells or mammals. An example, which is not intended in any way to limit 
the scope of the invention, is given in the following. A mammalian cell line, which can be ob- 
tained from the American Tissue Type Collection or other similar governmental or commer- 
cial sources, is incubated with said modified compound. After incubation at conditions well 
known to those skilled in the art, the cells are washed appropriately, iysed and the tysate is 

25 isolated. Appropriate controls, well known to those skilled in the art, must be included. A 
number of different procedures, well known to those skilled in the art, niay In tum be used to 
extract and piirify said compound from said lysate. Said compound may or may not retain the 
attached chemical group or said cyclic compound may or may not have been hydrolyzed. 
Similarly, a number of different procedures - well known to those skilled in the art - may be 
. 3D used to structurally and chemically characterize said purified compound. Since said purified 
compound has been Isolated from said cell lysate and hence has been taken up by said dell 
line, a comparison of said structurally and chemically characterized compound with ttiat of 

' V the original unmodified compound (i.e. without said attached chemical group or said non- 
cyclic compound) will immediately provide those skilled in the art information on whether the 

35 attached chemical igroup as been removed in the cell or if the cyclic compound has been hy- 
drolyzedv As a further analysis, said purified compound may b subjected to enzyme kinetic 
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analysis as described in detail in the present invention. If the kinetic profile is similaf to that of 
the original compound without said attached chemical group, but different from said modified 
compound, this confirms that said chemical group has been removed or said cyclic com- 
pounds has been hydrolyzed.Similar techniques may be used to analyze compounds of the 
invention in whole animals and mammals. 

A preferred prodrug is acetoxymethyl esters of the compounds of the present inven- 
tion which may be prepared by the following general procedure (C.Schultz et al. The Journal 
of Bioiogical Chemistry, 1993, 268, 6316-6322.;; 

A carboxylic add (1 equivalent) is suspended In dry acetonitrile (2 ml per 0.1 mmol). 
Diisopropyl amine (3.0 equivalents) is added followed by bromomethyl acetate (1 .5 equiva- 
lents). The mixture is stirred under nitrogen overnight at room temperature. Acetonitrile is 
removed under reduced pressure to yield an oil which Is diluted in ethylacetate and washed 
with water (3 x). The organic layer is dried over anhydrous magnesium sulfate. Filtration fol- 
lowed by solvent removal under reduced pressure afford a crude oil. The product is purified 
by column chromatography on silica gel, using an appropriate solvent system. 

DEFINITIONS 

As used herein, the tenn "attached' or (e.g. -CORn which indicates the carbonyl attach- 
ment point to the scaffold) signifies a stable covalent bond, certain prefen-ed points of at- 
tachment points being apparent to those skilled in the art. 

The terms "halogen" or "halo" include fluorine, chlorine, bromine, and Iodine. 
. The temn "alkyl" includes C,-Ca straight chain saturated, methylene and C2-C6unsatu-' 
rated aliphatic hydrocarbon groups, Ci-Ce branched saturated and C2-Ce unsaturated ali- 
phatic hydrocarbon groups, Cg-Ce cyclic saturated and Cg-Ce unsaturated aliphatic hydrocar- 
bon groups, and Ci-Ce straight chain or branched saturated and Cj-Ce straight chain or 
branched unsaturated aliphatic hydrocarbon groups substituted with Ca-Cecydic saturated 
and unsaturated aliphatic hydrocarbon groups having the spedfied number of carbon atoms. 
For example, this definition shall indude but is not limited to methyl (Me), ethyl (Et), propyl 
(Pr), butyl (Bu), pentyl, hexyl, heptyl, ethenyl, propenyl, butenyl, penentyl. hexenyl. isopropyl 
(hPr), isobutyl (i-Bu), f^f/-butyl (f-Bu). sec-butyl (s-Bu), isopentyl. neopentyl. cydopropyl, 
cydobutyl, cydopientyl. cydohexyl, cydopentenyi, cydohexenyl, methylcydopropyl, ethylcy- 
dohexenyl, butenylcyclopentyl. and the like. 

Th tenn "substituted alkyi" or "optionally substitut d alkyl" represents an aikyi group as de- 
fined abov wh rein the substltutents ar indep ndently selected from halo, cyano, nitro. tri- 
halomethyl, carbamoyl, hydroxy, 0X0, COOR3, CONReRg, 
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Ci-CeatkyI, Ci-Cealkyloxy, aryloxy, arylCi-Cealkyloxy, thio, Ci-Cealkylthio, arylthio, arylCi- 
Cealkylthio, NReRg, d-Cealkylamino, aryiamino, arylCi-Cealkylamino, di(arylCi- 
Cealkyijamino, Ci-Cealkylcarbonyl, arylCi-Cs-alkylcarbonyl, Ci-Csalkylcarboxy, arylcarboxy, 
arylCi-Cealkylcarboxy, Ci-Cealkyfcarbonylamino. -Ci-C6alkylaminoCORi2. arylCi- 
Cealkylcarbonylamino, letrahydrofuranyl, morpholinyl, piperazinyl, -CONRaRo, 
-Ci-CealkylCONReRg. or a saturated or partial saturated cyclic 5, 6 or 7 membered amine, 
imide or lactam; wherein Rn is hydroxy, Ci-CealkyI, aryl, arylCi-CeaikyI, Ci-Cealkyloxy, ary- 
loxy. arytCi-Qalkyloxy and R3 is defined as above or NRdR9, wherein Ra, R9 are defined as 
above. 

The term "saturated, partially saturated or aromatic cyclic, bicyciic or tricyclic ring 
system' represents but are not limit to aziridinyt, pyrrolyl, pyrrolinyl, pyrrolidinyl, imidazolyl. 2- 
imidazolinyl, imidazolidinyl, pyrazolyl. 2-pyrazolrnyl, 1 ,2.3'triazolyl, 1 ,2,4-triazolyl, morpholi- 
nyl, piperidinyl, thiomorpholinyl, piperazinyl, indolyl, isolndolyl, 1,2.3,4-tetrahydro-qulnolinyl, 
1,2,3,4-tetrahydro-isoquinolinyl, 1,2,3,4-tetrahydro-quinoxalinyl. indollnyl, indazolyl, benzimi- 
dazolyl, benzotriazolyl. purinyl, carbazolyl, acridlnyl, phenothiazinyl, phenoxazinyl, iminodi- 
benzyl, iminostllbenyl. 

The temri "alkyloxy" (e.g. methoxy, ethoxy. propyloxy, allyloxy, cyclohexyloxy) repre- 
sents an "alkyl* group as defined above having the indicated number of carbon atoms at- 
tached through an oxygen bridge. 

The term "alkyloxyalkyl" represents an "alkylox/' group attached through an alkyi group as 
defined above having the Indicated number of carbon atoms. 

The term "alkylbxyalkyloxy" represents an "alkyloxyalkyr group attached through an oxygen 
atom as defined above having the indicated number of carbon atoms. 

The temi "aryloxy" (e.g. phenoxy, naphthyloxy and the like) represents an aryl group 
as defined below attached through an oxygen bridge. 

The temi "arylalkyloxy" (e.g. phenethyloxy, naphthylmethyloxy and the like) represents an 
"arylatkyl" group as defined below attached through an oxygen bridge. 

The term "arylalkyloxyaikyr represents an "arylalkyloxy" group as defined above at- 
tached through an "alkyl" group defined above having the indicated number of carbon atoms. 

The temn "arylthio*^ (e.g. phenylthio. naphthylthi'o and the like) represents an "aryl" 
group as defined below attached through an sulfur bridge. 

The term "alkyloxycarbonyl" (e.g. methylfomilat, ethylformlat and the like) represents an "al- 
kyloxy* group as defined above attached through a carisonyl group. 

The term "aryloxycarbonyl" (e.g. phenytformiat, 2-thiazolylfomiiat and the like) 
represents an "aryloxy" group as defined abov attached through a carbonyl group. 
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The term "arylalkytoxycarbonyl" (e.g. benzylformiat. phenytetylfomniat and the like) 
represents an "arylalkyloxy" group as defined above attached through a carbonyl group. 

The term "alkyloxycarbonylalkyr represents an "alkyloxycarbonyl" group as defined 
above attached through an "afkyi" group as defined above having the indicated number of 
carbon atoms. 

The tenm "arylalkyloxycarbonylalkyl" represents an "arylalkyloxycarbonyl" group as 
defined above attached through an "alkyl" group as defined above having the indicated num- 
ber of carbon atoms. 

The tenm "aikylthio" (e.g. methylthio, ethylthio. propylthio, cyclohexenylthio and the 
like) represents an "alkyl" group as defined above having the Indicated number of carbon at- 
oms attached through a sulfur bridge. 

The term "aryfalkytthio*' (e.g. phenylmethylthio, phenylethylthio, and the like) repre- 
sents an "arylalkyl" group as defined above having the indicated number of carbon atoms 
attached through a sulfur bridge. 

The term "alkylthioalkyl" represents an "alkylthio" group attached through an alkyl 
group as defined above having the indicated number of carbon atoms. 

The term "arylalkylthioalkyr represents an "arylalkylthio" group attached through an 
alkyl group as defined above having the indicated number of cartjon atoms. 

The temn "alkyiamino" (e.g. methylamino, diethylamino, butylamino, N-propyl-N- 
hexylamino, (2-cyclopentyl)propylamino, hexenylamlno. pyrrolidinyl, piperidinyl and the like) 
represents one or two "alkyl" groups as defined above having the indicated number of caribon 
atoms attached through an amine bridge. The two alky! groups may be taken together With 
the nitrogen to which they are attached fomiing a saturated, partially saturated or aromatic 
cyclic, bicyclic or tricyclic ring system containing 3 to 14 cartron atoms and 0 to 3 addiUonal 
heteroatoms selected from nitrogen, oxygesn or sulfur, the ring system can optionally be sub- 
stituted with at least one Ci-Cealkyl, aryl, arylCi-CealkyI, hydroxy, oxo, d-Caalkyloxy, Ci. 
CealkyloxyCi-CealkyI, NR8R9, Ci-CealkylaminoCrCaalkyI substituent wherein the alkyl and 
aryl groups are optionally substituted as defined in the definition section and Re and Rg are 
defined as above. 

The term "aryialkylamino" (e.g. benzylamino, diphenylethylamino and the like) repre- 
sents one or two "aryfalkyi" groups as defined above having the indicated number of carbon 
atoms attached, through an amine bridge. The two "arylalkyl" igroups may be taken together 
with the nitrogen to .which they are attached forming a saturated, partially saturated or aro- 
matic cyclic, bicyclic or tricyclic ring system containing 3 to 14 carbon atoms and 0 to 3 addi- 
tional heteroatoms selected from nitrogen, 03^en or sulfur, the ring system can optionally be 
substituted with at I aston Ci-CeaJkyI, aryl. arylCi-CsalkyI, hydroxy, oxo, Ci-Cealkyloxy. Ci- 
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CealkyloxyCi-CealkyI, NRaRg, Ci-CealkylaminoCi-CeaikyI substituent wherein the alkyl and 
aryl groups are optionally substituted as defined in the definition section and Ra and Rg are 
defined as above. 

The term "alkylaminoalkyl" represents an "alkylannino" group attached through an al- 
kyl group as defined above having the indicated nunnber of carbon atoms. 

The term "arylalkylamincalkyl" represents an "arylaikylamino" group attached through 
an alky) group as defined above having the indicated number of carbon atoms. 

The term "arylamino" represents an "aryl" group as defined below attached through 
an amino group. 

The term "arylaminoalkyl" represents an -arylamino" group attached through an alkyi 
group as defined above having the indicated number of carbon atoms. 

The term "arylalkyl" (e.g. benzyl, phenylethyl) represents an "aryl" group as defined 
below attached through an alkyl having the indicated number of carbon atoms or substituted 
alkyl group as defined above^ 

The temri "alkylcarbonyl" (e.g. cydooctylcarbonyl, pentylcarbonyl, 3-hexenylcarbonyl) 
represents an "alkyl" group as defined above having the Indicated number of carbon atoms 
attached through a carbonyl group. 

The term "aiylcarbonyl" (benzoyl) represents an "aryl" group as defined above at- 
tached through a carbonyl group. 

The ter m "arylalkylcarbonyl" (e,g. phenylcydopropylcarbonyl, phenylethylcart)onyl 
and the like) represents an "arylalkyl* group as defined above having the indicated number of ' 
carbon atoms attached through a carbonyl group. 

The term "alkylcarbonylalkyl" represents an "alkylcarbonyl" group attached through an 
"alkyr group as defined above having the indicated number of carbon atoms. 

The temi "arylalkylcarbonylalkyl" represents an "arylalkylcarbonyr group attached 
through an alkyl group as defined above having the indicated number of carbon atoms. 

The term "arylcarbonylamino" represents an "arylcarbonyl" group; as defined above at- 
tached through an amino group. 

The term "arylcarbohylaminoalkyi" represents an "arylcarbonylamino" group attached 
through an alkyl group as defined above having the indicated number of carbon atoms. 

The term "alkylcarboxy" (e.g. heptylcarboxy, cydopropylcarboxy, 3-pentenylcart)oxy) 
represents an "alkylcarbonyl" group as defined above wherein the carbonyl is in turn at- 
tached through an oxygen bridge, . .. 

The tenm "arylcarboxyalkyi" ( .g. phenylcarboxym thyl) represents an 
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"aryicarbonyf group defined above wherein the carbonyl is in turn attached through an oxy- 
gen bridge to an alkyl chain having the indicated number of carbon atoms. 

The term "arylalkylcarboxy" (e.g. benzylcarboxy^ phenylcydopropylcarboxy and the 
like) represents an •arylalkylcarbonyl" group as defined above wherein the carbonyl is in turn 
attached through an oxygen bridge. 

The tenm "alkylcarboxyalkyT represents an "alkylcarboxy" group attached through an 
"alkyT group as defined above having the indicated number of carbon atoms. 

The term "arylalkylcarboxyalkyi" represents an "arylalkylcarboxy" group attached 
through an "alkyl" group as defined above having the indicated number of carbon atoms. 

The term "alkylcarbonylamino** (e.g. hexylcarbonylamino, cyclopentylcarbonyl- 
aminomelhyl, methylcarbonylaminophenyl) represents an "alkylcarbonyi" group as defined 
above wherein the carbonyl is in turn attached through the nitrogen atom of an amino group. 
The nitrogen atom may itself be substituted with an alkyl or aryl group. 

The term "arylalkylcarbonylamino" (e.g. benzylcarbonylamino and the like) represents 
an "arylalkyicarbonyl" group as defined above wherein the carbonyl is in tum attached 
through the nitrogen atom of an amino group. The nitrogen atom may itself be substituted 
with an alkyl or aryl group. 

The term "alkylcarbonylaminoalkyi" represents an "alkylcarbonylamino" group at- 
tached through an "alkyl" group as defined above having the indicated number of carbon at- 
oms. The nitrogen atom may itself be substituted with an alkyl or aryl group. 

The tenm "arylalkylcarbonylamlnoalkyl" represents an "arylalkylcarbonylamino* group 
attached through an "alkyi* group as defined above having the indicated number of carbon 
atoms. The nitrogen atom may itself be substituted with an alkyl or aryl group. 

The term "alkylcarbonylaminoalkylcarbonyl" represents an alkyIcart>onylamlnoalkyl 
group attached through a cart>onyl group. The nitrogen atom may be further substituted with 
an "alkyl" or "aryl" group. 

The tenm "aryT represents an unsubstituted, monocyclic, polyc^dic, biaryl and het- 
erocyclic aronnatic groups covalently attached at any ring position capable of fomning a stable 
covalent bond, certain prefenned points of attachment being apparent to those skilled in the 
art (e.g., 3-indolyl, 4(5)Hmida2olyl)! 

the definition of aryl includes but is not limited to phenyl, biphenyl, indenyl, fluorehyl, 
naphthyi (1-naphthyl, 2-naphthyl), pynxjjyl (2-pynrolyl), pyr:azolyl (3-pyrazolyO, imidazolyl (1- . 
imidazolyl, 2-imidaz6lyl. 4^midazolyl. Snmidazolyl), triazolyl (1,2,3-tria20l-1-yi, 1 .2.3-triazol-2- 
yl 1 ,2,i3-triazol-4-yl, 1 ,2.4:triazol-3-yl),;oxazolyl {2-pxazolyI, 4-dxazolyl, 5K}xazolyl), isoxazolyl 
(3HSOxa^olyl, 4-isoxazolyl. SHsbxazolyt). thiazolyl {2-thia2plyl, 4-thlazotyl, S-thiazolyl), thio- 
phenyl (2-thiophenyI. 3-thiophenyl, 4.thtophenyl, 5-thioph nyl), furanyl (2-furanyl. 3-furanyl, 
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4-furanyl, 5-furanyl), pyridyl (2-pyridyl, 3-pyridyl. 4-pyridyl, 5-pyridyl), 5-tetrazolyl. pyrimidinyl 
(2-pyrinnidinyl, 4-pyrimldinyl, 5-pyrinaidinyl, 6-pyrimidinyl), pyrazinyl, pyridazinyl (3-pyridazinyl, 
4-pyridaziriyl, S-pyridazihyl), quinolyl (2-quinolyl, 3-quinolyl, 4-quinolyl, 5-quinolyl, 6-quinolyl, 
y^quinolyl, 8-quinolyl), isoquinolyl (1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyI. 5-isoquinolyl» 6- 
isoquinolyl, 7-isoquinolyI, 8-isoquinotyl), ben20[b]furanyl (2-benzo(b]furany!, 3- 
benzo[b]furanyl, 4-benzo[b]furanyl, 5-benzo[b]furany!, 6-benzo[b]furanyl, 7-benzo[b]furanyl), 
2,3-dihydro-benzo[b]furanyl (2-(2,3-dihydro-benzo[b]furanyl), 3-{2,3-dihydro-benzo[b]furanyl), 
4-(2,3-dthydro-benzo[b]furanyl). 5-(2,3-dihydro-benzo-[b]furanyl), 6-(2,3-dihydro-benzo- 
[bjfuranyl), 7-(2,3-dihydro-benzo[b]furanyl)), benzo[b]thiophenyl (2-benzo[b]thiophenyl, 3- 
benzo[b]thiophenyl, 4-benzo[b]thiophenyI, 5-benzo[b]thiophenyl, 6-ben20[b]thiophenyI, 7- 
benzo[b]thlophenyl), 2,3-dihydro-benzp[b]-thlophenyi (2-(2,3-dihydro-benzo[b]thiophenyl). 3- 
(2,3-dlhydro-benzo[b]-thiophenyl), 4-(2,3-dihydro-benzo[b]thipphenyl), 5-(2.3-dihydro- 
benzo[b]-thiophenyl), 6-(2,3-dihydro-benzo[b]thiophenyl), 7-(2,3-dihydro-benzoIb]- 
thiophenyl)), 4,5,6,7-tetrahydrD-benzo[b]thi6phenyI (2-(4,5.6,7-tetrahydro-benzo- 
[bjthiophenyl), 3-(4,5,6,7-tetrahydro-benzo-[b]thiophenyl), 4-{4,5.6,7-tetrahydro- 
benzo[b]thiophenyl), 5-(4,5,6,7-tetrahydro-benzo-[b]thiophenyl), 6-(4,5,6,7-tetrahydro-benzo- 
[bjthiophenyl). 7-(4,5.6,7-tetrahydro-ben20(b]thiophenyl)). 4,5,6.7-tetrahydro-tbieno[2,3- 
clpyrid^ (4-(4,5,6.7-tetrahydro-lhieno[2,3-clpyridyl), 5-4,5,6,7-tetrahydro-thieno[2,3-c]pyridyl), 
6-(4,5,6J-tetrahydro-thieno[2,3-cJpyridyl),7-{4,5.6,7-tetrahydro-thieno[2.3-c]p^^^ indolyt 
(1-Indolyl. 2-indo)yl. 3-tndolyl, 4-indolyl. 5-indo)yl, &-indo)yl, ZHndolyl). isoindolyl (iHsoindoiyl. 
2-isoindolyl» 3-isolndoIyl, 4-isoindolyl, 5-lsdndo!yl, 6-isoindolyl, 7-isoindolyl), 1,3-dihydro- 
isoindolyl (1-(1,3-dihydro-isoindolyl), 2-(1,3-dihydro-isoiridoIyl), 3-(1,3-dihydro-isoindolyl), 4- 
(1,3-dihydrD-isoindolyl), 5-(1,3-dihydro-isoindolyl), 6-(1 ,3-dihydro-isoindolyt), 7-(1.3-dihydro- 
isoindolyl)), indazole (l-indazolyl, 3-indazo(yl, 4Hndazolyl. 5-indazoIyl, 6-indazoIy!, 7- 
indazolyl). benzimidazolyl (l-benzimidazolyt, 2-benzimidazolyl. 4^benzimidazofyl, 5- 
benzimidazolyl, 6-benzjmidazolyl, 7-benzimidazolyl, 84}enzimidazolyl), benzoxazolyl (1- 
benz-oxazolyl, 2-benzoxazolyl). benzothiazolyl (1-benzothiazotyl, 2-benzo-thiazotyl. 4- 
benzothiazolyl, 5-benzothiazolyl, 6-benzothiazolyI, 7-benzothiazDlyl), carbazolyl (1- 
carbazolyl. 2K:arbazoIyl, 3-carbazoIyl, 4-caitazo!yl), 5H-dibenz(b,f]azepine (5H^ 
dibenz[b,f]azepin-1-yl, 5H-dlbenz-[b,f]a2epine-2-yi, 5H-diben2[b,fla2epine-3-yl. 5H-dibenz- 
[b^flazepine^yl, 5H-dlbenz(b.f]-a2epine-5-yl), 10, 1 1 -dihy(dro-5H-dibenz[b,f]azepine (1 0, 1 1 - 
dihydrxH5H-dibenz(bJ]azepin€s1-yi,, 10,1 l-dihydro-SH-dibehzJ^ 10,1 l-dihydro- 

5HKJiberi4b,f]azepine-3-yl/lOJ1-dihydro-5H-dibenz-[b,fiazep^^^ 

dibenz[b;fla2epine-5-yl), piperidinyl (2-piperidInyI, 3-plperidinyl. 4-piperidinyl), pymqlidinyl (1- 
pyrrolidinyl, 2-pyrrolidinyl, 3-pynolidinyl), phenylpyridyl (2-phenyl-pyridyl. 3-phenyl-pyridyl, 4- 
phehylpyridyl), phenylpyrimidinyl (2-phenylpyrimidihyI, 4-phenyl-pyrimidinyl; 5- 
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phenylpyrimidinyl, 6-phenylpyrimidinyl), phenylpyrazinyl, phenylpyridaziny! (3- 
phenylpyridazinyl, 4-phehyfpyridazinyl, 5-phenyl-pyridazinyl). 

The term "optionally substituted aryl" represents an mono-, di- or trisubstituted aryl as de- 
5 fined above wherein the substituents are independently selected from the group consisting 
of halo, nitro, cyano, trihalomethyl, Ci-Cealkyl, aryl, arylCi-Ceall^l, hydroxy, COOR3, 
CONReRa, Ci-CsaIkyloxy, Ci-CealkyloxyCi-Caalkyl, aryloxy, arylCi-Cealkyloxy. arylCi-Cealkyl- 
oxyCi-Cealkyl, thio, d-Cealkylthio, Ci-CealkylthioCrCealkyI, arylthio, aryiCi-Cealkylthio. 
arylCi-CealkylthioCi-CealkyI, NRsRg, Ci-Ce-alkylamino. CrCsalkyl-aminoCi-CealkyI, 

1 0 arylamlno. arylCi-Caalkylamino, aryiCi-Caalkyl-aminoCi-Cealkyl, di(arylCi-Caalkyl)aminoCi- 
Cealkyl. Ci-Cealkylcarbonyl. Ci-Cealkyl-carbonylCi-CealkyI, aryfCi-Cealkylcarbonyl. arylC,- 
CealkylcarbonylCi-Cealkyl. Ci-Cealkyl-carboxy, Ci-CealkylcarboxyCi-Cealkyl. arylCr 
Cealkylcarboxy, arylCi-Cealkyl-carboxyCi-CealkyI, carboxyCi-Ce-alkyloxy. Ci- 
Cealkylcarbonylamino, Ci-Cealkyl-carbonylaminoCrCealkyI, -carbonylNRyCi-CealkylCORii. 

1 5 arylCi-Cealkylcarbonyl-amino, arylCi-Cs-alkylcarbonylaminoCrCealkylrCONReRg, or -Ci- 
CoalkylCONRaRs; wherein Rg, Ra. Rg, and Rn are defined as above and the alky! and aryl 
groups are optionally substituted as defined in the definition section; 

The tenn "arylcarbony!" (e.g. 2-thiophenyIcarbonyl, 3-methoxy-anthrylcarbonyl. oxa- 
zolylcarbonyl) represents an "aryl" group as defined above attached through a carbonyl 

20 group. 

The temi "arylalkylcarbonyT (e.g. (2,3-dimethoxyphenyl)propyIcarbonyl, (2- 
cliloronaphthyl)pentenylcarbonyl, (midazolylcydopehtylcarbonyi) represents an "arylalkyl" 
group as defined above wherein the "alkyf" group is in turn attached through a carbonyl. 

The compounds of the present invention have asymmetric centers and may occur as 

25 racemates, racemic mixtures, and as individual enantiomers or diastereoisomers. with all 
isomeric fomis being included in the present Invention as well as mbctures thereof. 

Pharmaceutically acceptable salts of the Compounds of Formula 1 , where a basic or 
acidic group is present in the structure, are also included within the scope of this invehtion. 
When an acidic substituent is piresent, such as -COOH, 5-tetra2olyl or -P{0)(0H)2, there can 

30 be formed the ammonium, morpholinium. sodium, potassium, barium,. ca|dum salt, and the 
like, for use as the dosage font). When a basic group is present, such as amino or a basic 
heteroaryl radical, such as pyridyt, an addic salt, such as hydrochlori^^^ 
phosphate, sulfate, trifluoroacelate, trichlorbacetate. acetate, oxalate, maleate. pyruvate, ma- 
lonate, sucdnat . dtrate, tartarate. fumarat , mandelate. benzoate, dnnamate, methanesul- 

35 fonat ethane sulfonate, picrat and the like, and indude adds related to the phamnaceuti- 



wo 01/19830 



PCT/DKOO/00502 



26 



cally acceptable salts listed in Journal of Pharmaceutical Science, 66, 2 (1977) and Incorpo- 
rated herein by reference, can be used as the dosage form. 

Also, in the case of the -COOH or -P(0)(0H)2 being present, pharmaceutically ac- 
ceptable esters can be employed, e.g., nnethy!. fert-butyl, pivaloyloxymethyl. and the like, and 
those esters known in the art for modifying solubility or hydrolysis characteristics for use as 
sustained release or prodrug fonmulations. 

In addition, some of the compounds of the present invention may form solvates with 
water or common organic solvents. Such solvates are encompassed within the scope of the 
invention. 

The tenm "therapeutically effective amount" shall mean that amount of drug or phar- 
maceutical agent that will elicit the biological or medical response of a tissue, system, animal, 
or human that Is being sought by a researcher, veterinarian, medical doctor or other. 
In a preferred embodiment, the present invention is concerned with compounds of Formula I 




Formula 1 



wherein 



nis 0. 1 or 2; 
m Is 1 or 2; 
XisSor O; 



Ri is hydrogen or COOR3, or Ri is selected from the group consisting of the following 5- 
membered heterbcycles: 
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R2 Is hydrogen, Ci-Cealkyl. hydroxy or NRaRg; 

R3 is hydrogen. Ci-Cealkyl. arylCi-Cealkyl. Ci-CealkylcartonyloxyCi-CealkyI or d- 
CealkyfcarbonyloxyarylCi-Csalkyl; 

R4, R5 and Re are independently hydrogen, trihalomethyl. Ci-Cealkyi, aryl, arylCi- 
Cealkyf. hydroxy, 0x0, carboxy, carboxyCi-CBalkyt, Ci-Cealkyloxy-carbonyl, aryloxycarbonyl, 
arylCi-Cealkyloxycarbonyl, Ci-Cealkyloxy. Ci-CealkyloxyCi-CealkyI, aryloxy. arylC,- 
Cealkyloxy. arylCi-CsalkyloxyCi-Coalkyl, thio, Ci-Cealkyl-thio, Ci-CealkyfthioCi-Cealkyl. 
arylthio, arylCi-Cealkytthio, arylCi-CealkylthloCi-Cealkyl, NRaRg, CirCealkylaniinoCi-CealkyI, 
arylCi-CealkyiaminoCi-CealkyI, dl(aryICi-C8alkyl)aminoCi-Cealkyl, Ci-Cealkylcarbonyli Ci- 
CealkylcarbonylCi-Cealkyl, arylC,-CflaIkylcarbonyl, arylCi-CaalkylcarbonylCi-Cealkyl, d- 
Coalkyl-carboxy, Ci-CealkylcarboxyCi-Ca-alkyl, arylcarboxy. arylcarboxyCi-CealkyI, aryld- 
Coalkylcarboxy. arylCi-CealkylcarboxyCi-CealkyI, Ci-Cealkylcarbonylamino, Cr 
CealkylcarixinylaminoCi-Cealkyi, -carbonylNReCi-CealkylCORia, arylCi- 
Cealkyfcarbonylamino, aryfC-CealkylcarbonyiaminoCi-Csalkyl, CONlRaRs, or Ci- 
CealkylCONReRg wherein the alkyi and aryl groups are optionally substitutedand R12 is 
NRaR©. or Ci-CoalkylNRaRg; 

R7 is hydrogen, C-CealkyI, aryl, arylCi-CealkyI, Ci-Cealkylcarbonyl. Ci- 
Cealkyloxocarbonyl, arylcarbonyl, aryloxocarbonyl, arylCi-Cealkylcarbonyl, arylC,- 
Cealkyloxocartxsnyl, Ci-Ceaikylcarboxy. arylCi-Gealkylcafboxy, RioRnNcarbonylCi-Cealky! 
wherein Rto and R11 are independently selected from hydrogen, Ci-Cealkyl, aryl, arylCi- 
Cealkyl. Ci-Cealkylcarbonyl, arylcarbonyl, arylCi-Cealkylcarbohyl. CrCealkylcarbbxy or : . 
arylCi-Cealkylcarboxy; wherein th alkyI and aryl groups are optionally substituted; : \ 
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R. and R, are independently selected from hydrogen. C,-Cealkyl, aryl. arylC-CalkyI, C,- 
Csalkylcarbonyl. C-Cealkyloxocarbonyl, arylcarbonyl. aryioxocarbonyi. arylC,- 
Cealkylcarbonyl. arylC,-C,alkyloxocarbonyl. C,-Cealkylcarboxy. arylC,-C,alkylcarboxy 
R,oR„NcarbonylC,-C^lkyI wherein the alkyi and aryl groups are optionally substituted- or 
Ro and R, are together with the nitrogen to which they are attached fomiing a saturated par- 
tially saturated or aromatic cyclic, bicyclic or tricyclic ring system containing from 3 to 14 car- 
bon atoms and from 0 to 3 additional heteroatoms selected from nitrogen, oxygen or sulphur 
the nng system can optionally be substituted with at least one C,-Cealkyl. aryl, arylC,-Cealkyl ' 
hydroxy, oxo. C,-Csalkyloxy. arylC-Caikyloxy. C,-CealkyloxyC,-Cealkyl. NR,oR„ or C,- 
CaalkylaminoC-Cealkyl. wherein R„ and R„ are independently selected from hydrogen C - 
Cealkyl. aryl. arylC,-Calkyl. C-C.alkylcarbonyl. arylcarbonyl. arylC,-Calkylcarbonyl C,- 
Cealkylcarboxy or arylC,<;^kylcarboxy: wherein the alkyI and aryl groups are optionally 
substituted; or 

R. and R, are independently a saturated or partial saturated cyclic 5. 6 or 7 membered ami- 
15 ne» imide or lactam; 

or a salt thereof with a phamiaceutically acceptable acid or base, or any optical isomer or 
mixture of optical isomeis. including a racemic mixture, or any tautomeric fomi 

In another preferred embodiment, the present invention is concerned with compounds 
20 wherein X is sulphur. *^ 

In another preferred embodiment, the present invention is concerned with compounds 
Wherein R, Is COOR3 and Rs Is hydrogen; wherein R3 is defined as above. 

in another preferred embodiment, the present invention is concerned with compounds 
wherein n and mare 1. 

25 in another preferred embodiment, the present invenUon is concerned with compounds 

wherein Rs is CrdalkylMRaRB. 

'"^"°*^«^P™'«'^«^«'^'«'«''n'ent,thepresentinventionisconcemedwith«^^^^ 
Wherein R4 and Re are hydrogen. 

in another preferred embodiment, the present Invention is concerned with compounds 
30 Wherein R, is Wetrazolyl. R, is hydrogen, and Rs Is C-CealkylNRsR,. " 

- •"«"o»'er preferred embodiment, the present inventionis concerned With compounds 
wherein R» Is C-CjalkylNRBRg. 

Wherein R4 and R5 are hydrogen. ■ - 

35 '"«"°'^«^P™fe^dembodiment,thepresentinventionisc^^^ 

wherein R, is 5-tetrazolyl. R, .is hydrogen, arid R, is C,-e,alkylNf%f^. ' V ■ 
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In another prefenred embodiment, the present invention is concerned with compounds 
wherein R5 and Re are Ci-CeaikylNRaRg. 

In another preferred embodiment, the present invention is concerned with compounds 
wherein Ri is COOR3 and R2 is hydrogen; wherein R3 is defined as above. 
5 In another preferred embodiment, the present invention is concerned with compounds 

wherein Ri is S-tetrazolyl. 

In another preferred embodiment, the present invention is concerned with compounds 
wherein Ra and R9 are together with the nitrogen to which they are attached forming a par- 
tially saturated bicyclic ring system containing 8 carbon atoms, the ring system being option- 
10 ally substituted with two 0x0 groups. 

In another preferred embodiment, the present invention is concerned with compounds 
wherein the ring system is isoindolyl. 

In another prefenred embodiment, the present invention is concerned with compounds 
wherein R7 is Ci-Cealkyloxo-carbonyl. 
1 5 In another preferred embodiment, the present Invention is concerned with compounds 

wherein Ra and Rg are together with the nitrogen to which they are attached forming a par- 
tially saturated bicyclic ring system containing 8 carbon atoms, the ring system being option- 
aify substituted with two 0x0 groups. 

In another preferred embodiment, the present invention is concerned with compounds 
20 wherein the ring system is isoindolyl. 

In another preferred embodiment, the present invention is concerned with compounds 
wherein Ra and Re are together with the nitrogen to which they are attached forming a par- . 
tially saturated bicyclic ring system containing 7 carbon atoms and one sulfur atom, the ring 
system being optionally substituted with three 0x0 groups. 
25 In another preferred embodiment, the present invention is concerned with compounds 

wherein the ring system is 2.3-dihydro-benzo[d]iosthiazotyl. 

In another prefenred embodiment, the present invention is concerned with compounds 
wherein Ra and R9 are together with the nitrogen to which they are attached forming a par- 
tially saturated bicyclic ring system containing 7 carbon atoms and one sulfur atom, the ring 
30 system being optionally substituted witti two 0x0 groups. 

In another preferred embodiment, the present invention is concerned with compounds 
vvherein the ring system is 2,3-dihydro-benzp[d]iosthiazoIyl. 

In another preferred embodiment, the present invention is concerned with compounds 
wherein Rr Is Ci-Caalkyloxo-carbonyl^ ■ . . ■ ' 
35 In another preferred embodini nt, the present invention is concerned vwth cohipounds, 

wherein Ra and Re are together with the nitrogen to which they are attach d fonming a par: 
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tially saturated bicyclic ring system containing 8 carbon atoms, the ring system being option- 
ally substituted with one oxo group. 

In another preferred embodiment, the present invention is concerned with compounds 
wherein the ring system is optionally substituted isoindolyl. 
5 In another prefeaed embodiment, the present invention Is concemed with compounds 

wherein the ring system is optionally substituted 1 -oxo-1 ,3-dihydro-isoindoIyl. 

In another preferred embodiment, the present invention is concemed with com- 
pounds wherein is Ci-Csallcyloxo-carbonyl. 

In another preferred embodiment, the present invention is concemed with compounds 
10 wherein Rs and Ra are Ci-CealkylNRsRe. 

In another preferred embodiment, the present invention is concemed with compounds 
of Formula I wherein Rsis 1 ,3-dihydro-isoindol, substituted with 1 or 2 oxo groups at the atom 
positions adjacent to the nitrogen atom and optionally substituted with hydroxy, Ci^-alkyloxy, 
arylCi^-alkyloxy or Ci-e-alkylcarboxy, and wherein R? is hydrogen, alkyi, aikyloxycarbonyl, 
1 5 arylalkyt or aryl wherein aryl is optionally substituted with methoxy. 

In another preferred embodiment, the present invention Is concemed with compounds 
of Formula I wherein R5 is 1,1,^trioxo-1.2-diiiydro-1H-benzo[d]isothlazol-2-yl and wherein R7 
is hydrogen or arylalkyi. 

In another preferred embodiment, the present invention is concemed with compounds 
20 of Fomiula I wherein R5 or Re is arylamlnoalkyi, wherein aryl is 1 ,1-dioxo-1 ,2-dihydro-1/y- 
benzo[d]isothla2ol-3-yl. 

In another preferred embodiment, the present invention is concemed with compounds 
of Fonmula I wherein Fts or Re is arylcart>onylaminoalkyl, wherein aryl is phenyl, indol-3-yl, 
indol-2-yt, 1,2,3-triazol-4-yI, quinolin-4-yl or naphth-1-yl wherein aryl Is optionally substituted, 
25 and wherein R7 is hydrogen or arylalkyi optionally substituted with methoxy. 

In another preferred embodiment, the present invjention is concemed with compounds 
of Formula I wherein R5 is arylalkylaminoalkyi wherein aryl is phenyl, dibenzofuranyl, naphth- 
2-yl or indo-3-yl, and wherein alkyI and aryl are optionally substituted, and wherein R7 is hy- 
drogen or arylalkyi optionally substituted with methoxy; 
30 In another preferred embedment, the present invention is concemed with compounds 

of Formula I wherein Ra is alkylNReRs, wherein Ra is alkylcarbonyl and R9 is arylalkyi, whe- 
rein aryl is optionally substituted. : 

In a preferred embodiment of the invention X In formula 1 is sulphur, 
.-r: In another prefen-ed embodiment of the Invention Ri is COOR3 and R2 is 
3a hydrogen; wherein 1^ is hydrogen, Ci<:6alkyl or arylCi-Cealkyl. 

8 In a further pref rred eml^odiment of the invention n and mare 1, 

o . ' ■ ■ " ... . . , ' . 

^ " ^ • - . . .-■ ^ ■ '■■ ■■ ■ :■ ■ ■ - ' 
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In a further preferred embodiment of the invention R4 and Re are both hydrogen and 
R5 is Ci-CealkylNReRg and Re and Rg are together with the nitrogen to which they are at- 
tached forming a partially saturated bicyclic ring system containing 8 carbon atoms, the ring 
system being optionally substituted with two 0x0 groups. 

Most preferred are Ra and R9 together with the nitrogen to which they are attached 
forming an isoindolyl-1,3-dione optionally substituted. 

In another preferred embodiment of the invention R4 and R5 are both hydrogen and-^ 
Re is Ci-CealkylNRflRg and Ra and R9 are together with the nitrogen to which they are at- 
tached fonming a partially saturated bicyclic ring system containing 8 carbon atoms, the ring 
system being optionally substituted with three 0x0 groups. 

Most prefen^d are Ra and R9 together with the nitrogen to which they are attached 
forming an 1,1-dioxo-1,2-dihydro-1H-benzo[d]isothiazolyi-3-one optionally substituted. 

In a further preferred embodiment of the Invention R4 and R5 are both hydrogen and 
Ra is Ci-CealkylNRaRs and Ra and R9 are together with the nitrogen to which they are at- 
tached forming a partially saturated bicyclic ring system containing 8 cart)on atoms, the ring 
system being optionally substituted with two 0x0 groups. 

Most preferred are Ra and R9 together with the nitrogen to which they are attached 
forming an lsoindo!yl-1,3-dione optionally substituted. 

In a further prefenred embodiment of the invention R4 and Re are both hydrogen and 
Rs is Ci-CealkylNRaRa and Rg and Rg are together with the nitrogen to which they are at- 
tached forming a partially saturated bicyclic ring system containing 8 carbon atoms, the ring 
system being optionally substituted with one 0x0 group. 

Most prefenred are Rg and R9 together with the nitrogen to which they are attached 
fomning an optionally substituted 1-oxo-1.3-dihydro-isoindolyl ring. 

In another preferred embodiment of the invention R* and Rq are both hydrogen and 
Re is Ci-CealkylNRsRg and Ra and Rg are together with the nitrogen to which they are at- 
tached fonming a partially saturated bicydic ring system containing 8 caribon atoms, the ring 
system being optionally substituted with one 0x0 group. 

Most prefenred are Ra and R9 together with the nitrogen to which they are attached 
. forming an optionally substituted 1 -oxo-i ,3-dihydrD-lsoindolyl ring. 

In a further preferred embodiment of the invention R7 is Ci-Ceatkytoxocarbonyl. 

The following compounds are preferred: 

5-{1 ,3-Dioxo-1 ,3-dihydro-isoindol-2-ylmethyl)-2-(oxalyl-aminoH.5.67-tetra 
c]pyridine-3,6-dicarboxylic acid 6-ethyl ster; . 
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5-(1 ,3-Dioxo-1 ,3-dihydro-isoindol-2-yImethy!)-2-(oxalyl-amino)-4,5,67-tetrahydro-thieno[2.3- 
c]pyridine-3-carboxylic acid; 

{L)-5-(1 ,3-Dioxo-1 .3-dihydro-isoindol-2-yImethyl)-2-(oxalyl-annino)-4,5,67-tetrahydro- 
thienp[2,3-c]pyridine-3-carboxylic acid; 

7-(1.3-Dioxo-1 ,3-dihydro-isolndoI-2-ylnnethyl)-2-(oxalyI-amino)-4,5,6,7-tetrahydro-thieno[2,3- 
c]pyridlne-3-carboxyfic acid; 

5-(4-Hydroxy-1,3-dioxo-1,3KJihydrc^isolndol-2-ylmethyl)-2-(oxalyl-amino)-4,5.67-te 
thieno[2,3-c]pyridine-3-carboxylic acid; 

2^0xalyl-amino)-5-(1-oxo-1.3-dihydr(HSOindol-2-ylmethyl)-4,5,67-tetrahydro-thi^ 
c]pyridine-3-carboxyIic acid; 

2-(OxaIyI-amino)-7-(1 ,1 ,3-trioxo-1 ,3-dlhydro-1 H-benzo[d]isothiazol-2-yInnethyl)-4.5.6,7- 
tetrahydro-thi0no[2,3-c]pyridlne-3-carboxylic acid; 

7-{1 ,1 -Dioxo-1 .3-dlhydro-1 H-benzo[dllsothiazol-2-ylmethyI)-2-(oxalyI-amino)-4,5.6,7- 
tetrahydro-thieno[2,3-c]pyridine-3-carboxyfIc add; 

5-(7-Hydroxy-1-oxo-1,3-dlhydro-isoindol-2-yImethyl)-2-(oxalyl-amino)-4,5,6,7-tetrahydr^ 
thieno[2,3-c]pyridine-3-carboxylic add; 

or a pharmaceub'caliy acceptable salt thereof. 

The following compounds are also preferred: 

5-(1.3-Dioxo-1,3-dihydrc>-isoindol-2-ylmethyl)-2-<oxalyl-amino)-4,5,6,7-tetrahydro-thieno[2.^ 
c]pyridine-3.6-dicarboxyIic acid 6-ethyl ester; 

5- ( 1 ,3-Dioxo-1 ,3<lihydro-isoindol-2-ylmethyl)-2-(oxaIyl-aminoH.5 ,6,7-tetrahydro-thien^^^ 
clpyridine-3-carboxylic add; 

(S)-5-(1 ,3-Dioxo-1 ,3-dihydro-isoindol-2-ylmethyl)-2-(oxalyl-amlno)-4.5,6,7-tetrahydro- 
thIeno[2,3-c]pyridine-3-carboxylicadd; 

7-(1,3-Dioxc>-1,3-dlhydro-isoindoI-2-ylmethyl)-2-{oxaIyl-aminoH.5.6,7-tetrahydro-thieno[2.3- 
c] pyridine-3-carboxylic add; 

6- (4-Hydroxy-1.3<lioxo-1,3<iihydrxHSOindol-2-ylmethyl)-2-<oxaiyI-amino)-4,5,6J-tetrahydr^ 
thieno[2,3-c]pyrldine-3-carboxyllc add; 

2-{Oxafyl-amino)-5-{1 -oxo-1 ,3-dihydroHsoindol-2-ylmethyl>-4.5.6,7-tetrahydro-thieno[2,3- 
clpyridine-3-carboxylic add; - 
5-(4-HydroxyTl-oxo-1,3-dihydro-isoindol-2-ylmethyl)-2H[oxalyl-^minoH.5.67-^^ 
thieno[2,3-c]pyridine-3-cartiio)^|cadd; 

5-(4-Hydroxy-1 -oxo-1 .3Klihydro-isoindol-2-ylmethyt>^-methyl-2-(oxalyh^^ 
tetrahydrd-thieno[2,3-<;lpyridine-3-carboxylicadd; 
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5-((1 J -Dioxo-1 H-benzo[d]isothiazol-3-yiamino)-methyI)-2-(oxalyl-amino)-4,5,67-tetrahydrc^ 
thieno[2,3-c]pyridine-3-carboxylic acid; 

7-{(1 , 1 -DioxcKl H-benzo[d]isothiazol-3-ytamino)-methyl)-2-(oxalyl-amino)-4,5,67-tetrahydro- 
ttiieno[2. 3-c]pyridine-3-carboxylic acid; 

5-(7-Methoxy-1-oxo-1,3-dihydrc>-isoindol-2-ylm8thyl)-2-(oxaIyl-aminoH.5.6J-^^ 
thieno[2.3-c]pyridine-3-carboxylic acid; 

5-(7-Hydroxy-1 -oxo-1 ,3-dihydro-isoindol-2-ylmemyl>2-(oxalyl-aminoH ,5.6 J-tetrahydr^ 
thieno[2.3-c]pyridine-3-carboxylic acid; 

5-(7-Benzyloxy-1 -0X0-1 ,3-dihydro-isoindol-2-yImethyl)-2-(oxalyl-amino)-4.5,6,7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxylic acid; 

5-(7-HydrDxy-lK)xo-1,3<lihydro-isoindol-2-ylmemyl)-6-{4-methoxy-benzyl)-2-^^^ 
4,5.6,7-tetrahydro-thieno[2.3-c]pyridine-3-carboxy!ic acid; 
5-(1 ,3-Dloxo-1 ,3-dihydroHsoindol-2-ylmethyl)-6K4-methoxy-benzyl^2-(oxalyI-a 
tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add; 

7-(7-Hydroxy-1 -oxo-1 ,3-dihydrD-isoindoI-2-ylmethyl)-2-(oxaIyl-aminoH.5,67-^^ 
thienoI2,3-c]pyridine-3-carboxyIIc add; 

7-(7-Hydroxy-1-oxo-1,3<lihydro-isoindol-2-ylmemyl)-6-(4-methoxy-benzyl)-2-^^ 

4,5,6 .7-tetrahydro-thieno[2,3-c]pyridlne-3-carboxylic add; 

7-{1 .3-DIOXO-1 ,3-diliydro-isoindol-2-ylmethyl)-6-(4-metho)Q^-benzyl)-2-(oxa 

tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add; 

5^S)-(7-Methoxy-1-oxo-1,3-dihydn>Hsoindol-2-yImethyl}-2-(oxalyI-^^^^ 

thieno[2,3-c]pyridine-3-cart)oxylic add; 

5-(RH7-Methoxy-1-oxo-1,3-dihydnchlsoindol-2-yfmethyl>2-(oxalyl-aminoH.5,6,^ 
thieno[2,3-c]pyridlne-3-carboxy!ic add; 

5-(4-Benzyloxy-1 ,3-dioxo-1 ,3-dihydro-isoindok2-ylmethyt)-2-(oxalyl-aminoH.5,6,7- 
tetrahydro-thieno[2.3-c]pyridine-3-carboxylIcadd; 

5-(6-Methoxy-4-methoxycarbonyI-1 -oxo-1 ,3^ihydfD-isoindol-2-ylmethyl)-2-(oxalyl-amino)- 
4,5.6.7-tetrahydro-thienG[2,3-c]pyridine-3-carboxyllcadd; 

2-(Oxalyi-amino)-5-(1 ,1 ,3-trioxo-1 .3-dihydro-1 H-ben2o(d]isothiazol-2-ylmethyl)-4,7-<iihydro- 
5H-thieno[2,3-clpyridine-3-carboxylicadd; 

2-(OxaIyl-amino>-7-(1 ,1 .3-trioxo-1 .3-dihydro-1 H-benzo[d]isothiazol-2-ylmethyl)-4.7-dihydro- 
5H-thieno[2,3-clpyricline-3-carboxylicadd; 

7-Carbamoyl-2-(oxalyl-aminoH.5.67-tetfahydrp-thleno[2,3-c]pyridine-3-^ . 
2^0xalyl-aminoV6-(2-<)xc>-tetrahydro-thiophen-3-ytcarbamoylH.5.^^ 
c]pyridine-3-carboxyltc add; 
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2-(Oxalyl-amino)-5-pheny!carbamoyl-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxy!ic 
acid; 

2-{Oxalyl-amino)-7-phenylcarbarnoyI-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic 
acid; . 

or a phamnaceuttcalty acceptable salt thereof. 
The following compounds are also preferred: 

5-(1 ,3-Dioxo-1 ,3-dihydro-isoindol-2-ylmethyl)-2-(oxalyl-amino)-4,5 ,6 ,7-tetrahydro-th ieno[2, 3- 
c]pyridine-3.6-dicarboxylic acid 6-ethyl ester; 

5-(1,3-Dloxo-1,3-dihydro-lsoindoI-2-yImethyl)-2-(oxalyl-amino)-4,5.67-tetrahydro-thieno[2,3- 
c]pyridine-3-carboxylic acid; 

5-(S)-(1,3-Dioxo-1,3<lihydro-isoindol-2-ylmethyl)-2-(oxalyl-amlnoH.5.6,7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxylic add ; 

7-(1,3-Dioxo-1,3-dihydro-isoindoI-2-ylrnethyl)-2-(oxalyI-amino)-4.5.6,7-tetrahydro-thieno[2,3- 
c]pyridine-3-oarboxylic acid; 

5-(4-Hydroxy-1 ,3-dioxo-1,3-dihydro-isoindol-2-ylmethyl)-2-(oxalyl-annino)-4.5.6,7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxylic acid; 

7-<4-IHydroxy-1,3KJioxo-1.3-dihydro-isoindol-2-yImethyl)-2-(oxalyi-xiniinoH.5.67-letrah 
thieno[2,3-c]pyridine-3-carboxylicadd; 

2-{Oxalyl-arnino>-5-(S)-(1<>xo-1,3HJihydro-isoindol-2-yImethyl)-4,5,67-tetrahydr^ 
c]pyridine-3-cartx>xylic acid; 

5-(4-IHydroxy-1-oxo-1,3Kllhydro-isdndoI-2-yimethyl)-2-(oxaiyJ-amino)-4.5,6,7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxylicadd; 

5-(4-Hydroxy-1 -oxo-1 ,3-dihydro-isoindoi-2-y!methyl)-6-methy!-2-{oxalyi-annino)-4.5.6.7- 
tetrahydr£>-thieno[2,3-c]pyridine-3-carboxyIicadd; 

5-{(1 , 1 -Dioxo-1 /+i)enzo[d]Isothiazok3^ylamino)methyl)-2-(oxalyi-aminoH.5,6,7-tetrahydro- 
thleno[2,3-c]pyridine-3-carboxylic add; 

7-((1.1-Dloxo-1H-ben20[dlisothiazol-3-yiamino)methyl)^2-(oxalyi-aminoH^ 
thieno[2,3-c]pyridine-3-cart30xylicadd; 

5^-IV!ethoxy-1-oxc>-1,3-dihydro-isoiridol-2^ylnrrethyl)-2Kbxalyl-amjnoH 
thieno[2.3-cIpyridine-3-carboxylicadd; 

5-(7-Hydroxy-1-oxo-1 .3-dihydro-lsoindol-2-yImethyl)-2-(oxalyl-am[noH,5»6,7-tetra , . 
thlenoI2,3-c]pyridine-3-carboxylicadd; 
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5-{7-Benzyloxy-lK3xo-1,3-dihydro-isoindol-2-ylmethyl>-2-{oxalyl-amino)-4,5,67-tetrahydro- 
thieno[2.3-c]pyridine-3-carboxyIic acid; 

5- (7-Hydroxy-1<)XO-1.3KJihydro-isoindoI-2-ylmelhyl)-6-(4-methoxy-benzyl)-2-(oxalyl-^ 
4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic acid; 

5K1,3-Dioxo-1,3Kiihydro-isoindol-2-yImemyl)-6-(4-methoxy-benzyl)-2-(oxa!yl-amino)-4^ 
tetrahydro-thieno[2,3-c]pyridine-3-carboxyllc acid; 

7-<7-Hydroxy-1-oxc>1,3<llhydrchisoindol-2-ylmethyl)-2-(oxalyl-aminoH.5,67-tetrahy^ 
thieno[2,3-clpyridine-3-carboxylic acid; 

7-(7-Hydroxy-1-oxo-1,3<iihydrcHsoindol-2-ylmethyl>-6-(4-methoxy-benzyl)-2-(^ 
4,5,6,7-tetrahydro-thleno[2,3-c]pyridine-3-carboxy1ic add; 

7-(1 ,3-Dioxo1 ,3-dihydroHSoindol-2-yimethyl)-6-(4-methoxy-ben2yl)-2-(oxaIyl-aminoH.5,67 
tetrahydro-thieno(2,3-c]pyridine-3-carboxylic acid; 

7-(((5-Benzyloxy-1Wndole-2Karbonyl)amIno)methyl)-6-(4-memoxy4)enzyl)-2-^^ 
4.5,6. 7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic acid; 
7^({6-Bromo-2-p-toIyl-^uinoli^e-4-cartx^nyl)amino)me%l)-6-(4-met^ 
amino)- 4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add; 

6- (4-Methoxy-benzyl)-7-(((5-methyl-2-pheny1-2H-[1.2,3]tria2ole-4-carb^ 
(oxalyl-aminoH.5,6T-tetrahydro-thieno[2,3-c]pyridine-3-carboxyIic add; 

7- (((1H-!ndole-3-carbonyl)amino)methyi)-6-(4-methoxy-ben2yl)-2-(oxatyl-^ 
tetrahydro-thienoI2.3-cJpyridine-3-carboxyllc add; 

7-((4-Ethoxy-2-hydroxy-ben2oyIamino)methyl^6-(4-rnethoxy-benzyl)-2-(oxalyl-^m 
4,5,6J-tetrahydro-thieno[2,3-c]pyridihe-3-carboxyiic add; 
7-({4-BenzoyIamino-benzoylamlno)memyl)-6-(4-methoxy-*en2yl)-2-(oxaIyl-aiTii^ 
tetrahydro-thieno[2,3<]pyridine-3-carboxylic add; 

7-(((BiphenyM-carboriyl>-amino}methyl)-6-(4-memoxy-benzyl^2-(oxalyl-ami^ 

tetrahydro-thieno[2,3-c]pyridine-3-carboxylicadd; 

7-(((1 H-lndole-2K3rbonyl)amino)methyl)-6-(4-methoxy4)en2yI^2-(oxaly^ 

tetrahydro-thieno[2,3-c]pyridine-3-carboxytie add; 

7-((3-Biphenyl4-yl-aciyloylamino)methyl)-6-{4-methoxy-ben^^ 

tetrahydro-thieno[2,3-c)pyridine-3-carboxyIicadd: 

6- (4-Methoxy-behzylK-(((5-niethoxy-1H-indoIe-2K:arbonyl)ami^^^ 
4,5,67-tetrahydro-thieno[2,3-cipyridine-3H::arboxylicadd; 

7- {(4-Benzyl-benzoylamino)methyI)-6-(4-methoxy-benzyl^^^ 
tetrahydro-thi no[2,3-cJpyridine-3-carboxylicadd; 
6-(4-Methoxy-berTzyt)-7-(((naphthalene-1-carbonyl)amino)methyl)-2-{^^^ 
tetrahydro-.thieno[2,3-clpyiidinie-3-carboxylic add; . 



wo 01/19830 



PCT/DK()0/«05O2 



36 

6-{4-Methoxy-benzyl)-5-((2-naphthalen-2-yl-ethylamino)methyl)-2-(oxalyl-arriino)-4,5,6,7- 
tetrahydro-thieno[2,3-c]pyridine-3-carboxyiic acid; 

5-((2-Ben2o[1,3]dioxoI-5-yI-acetylamino)methyl)-2-(oxalyl-amino)-4,5,6,7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxylic add; 

5- ((2-Dibenzofuran-2-yl-ethyl)amino)methyl)-6-{4-methoxy-benzyl)-2-(oxalyl-amino)-4.5,6|7- 
tetrahydro-thieno[2,3-c]pyridine-3-cart)oxy!icacid; 

6- (4-Metho>cy-ben2yl)-5-((2-(5-methoxy-2-methyl-1H-indol-3-yl)-acetylamino)methy^ 
(oxaIyl-amino)-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic acid; 
5-(f2-nH-lndol-3-vl)-2-oxo^cetvlafTiino)methvlV2-(Oxalvl-amino)-4.5.6J-tetrahvdro- 
thienor2.3-clpvridine-3-carfaoxvlicacid: 

5-(R)-(7-Methoxy-1-oxch1,3<lihydrD-isolndol-2-ylmethyl)-2-(oxalyl-amina)-4,5,6,^ 
thleno[2,3-clpyridine-3-carboxylic acid; 

5-(SH7-Methoxy-1-oxo-1,3-dihydra-isoindol-2-ylmethyt)-2-(oxalyl-aminoH.5,67-tetrah^ 
thieno[2,3-clpyridine-3-carboxylic add; 

5-(S>-(4-Hydroxy-1 -oxo-1 ,3Kiihydro-isoindol-2-yIrnethyl)-2-(oxalyl-arnino)-4» S.BJ-tetraliydro- 
thienop.S-clpyridine-S-carboxylicadd; 

2- (Oxalyl-amino)-5-{SH(4-phenoxy-benzylamino)m8thyl)-4,6,6,7-tetrahydro-thieno[2 
c]pyridine-3-carboxylic add; 

5-(SH(4-AcetyIamino-benzylamino)me%l)-2-(oxalyl-amlno)-4,5,674etrahydro-thieno[2 
c]pyridine-3-carboxylic add; 

7- (S)-({Acetyl-(4-phenoxy-benzyl)amino)methyi)-2-(oxaly!-aminoH.5.67-tetrahydrT^ 
thieno[2,3-c]pyridine-3-cart)oxylicacid; 

7-(SH(Acetyl-benzyi-amino)methyl>2-(oxaiyl-amino)-4,5,67-telrahydro-th 

3- carboxylic add; 

5-(SH(1.1-D'oxc>-1A^benzo[d]isothiazol-3-yIamino)me%l)-2^oxalyl-aminoH.5,67 
tetrahydro-thieno[2,3-cJpyridine-3-carboxyiicadd; - 
5-(4-Benzyloxy^1,3-dioxo-1,3-dihydrc>-isoIndol-2-ylmemyl)-2-(pxalyl-aminoH.5.6,7- 
tetrahydrt>-thieno[2.3-c]pyridine-3-carboxylicadd; 

5-{6-IWethoxy-4-methoxycarbonyl-1 ^xo-1 ,3^ ihydro-isoindol-2-ylmethyl)-2-(oxatyl-amino)- 
4,5.6,7-tetrahydiPO-thieno[2.3-cIpyridine-3-carbo)ylicadd; 
2-(OxaIyl-amino>-5^1.1.3-tribxo-1.3<ilhydro-1/^enzo[d]isoth^i^^ 
5H-thieno[2,3-cJpyridine-3-carboxylicadd; 

2-(Oxalyl-amino)-7^1 ,1 .3-trioxo-1 ,3-dihydro-1 W-benzo[diispthiazol-2-yImethylH.7-dihydro-, 
5H-thieno[2,3-c]pyridine-3-carboxyiicacid; . 
7-(/?)-Carbamoyl-2-(oxalyl-arninoH.5,67-tetrahydro-mieno[2,3<]pyri^ 
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2-(Oxalyl-amino)-5-(S)-(2<>xo-tetrahydro-thiophen-3-ylcarbanrioylH.5.6.7-tetrahydro- 
thieno[2.3-c]pyridine-3-carboxylic acid; 

2-(OxalyI-amino)-5-(S)-pheriylcarbamoyI-4,5,6J-tetrahydro-thienoI2,3-c]pyridine-3-carbo^ 
acid; 

2-{OxaIyI-amino)-7-(R)-phenylcarbamoyl-4.5,6J-tetrahydrchthienol2.3-c]pyridlne-3K:arbo^ 
acid; 

5- (R)7-(/?^Bis-benzyloxym8myl-2-(oxaIyl-aminoH.5»67-tetrahydit>-mieno[2,3-c]pyrid^ 
carboxylic add; 

6- Benzyl-2-(oxalyI-amino)-5-(1 ,1 ,3-trioxo-1 ,3-dihydino-1 ,6-benzo[d]isothiazoI-2-ylmethyl)- 
4»5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add; 

or a sail thereof with a pharmaceuticany acceptable add or base, or any optical isomer or 
mixture of optical Isomers, including a racemic mixture, or any tautomeric fomn, or prodrug 
thereof. 

PHARAAACOLOGICAL METHODS 

The compounds are evaluated for biological activity with a truncated form of PTP1B (corre- 
sponding to the first 321 amino adds), which was expressed in E. coli and purified to appar- 
ent homogeneity using published procedures well-known to those skilled in the art The en- 
zyme reactions are carried out using standard conditions essentially as described by Buri<e 
et al. {Biochemistry Z5; 15989-15996 (1996)). The assay conditions are as follows. Appropri- 
ate concentrations of the compounds of the invention are added to the reaction mixtures con- 
taining different concentrations of the substrate, p-nitrophenyl phosphate (range: 0.16 to 10 
mM - final assay concentration). The buffer used was 50 mM HEPES pH 7.0, 100 mM so- 
dium chloride, 0.1 % (w/v) bovine serum albumin, 5 mM glutathione, and 1 mM EDTA. The 
reaction was started by addition of the enzyme and carried out in microtiter plates at 25 °C 
for 60 minutes. The reactions are stopped by addition of NaOH. The enzyme activity was de- 
termined by measurement of the absorbance at 405 nm with appropriate corrections for ab- 
sorbance at 405 nm of the compounds and p-nitrophenyl phosphate. The data are analyzed 
using nonlinear regression ifit to dassical Midiaelis Menten enzyme kinetic models. Inhibition 
is expr^sed as Kt values in riM. The results of representative experiments are shown in Ta- 
ble 1. - 



wo 01/19830 



PCT/DK()()/0(I502 



38 

Table 1 

Inhibition of classical PTP1B by compounds 
of the invention 



Example 
no. 


PTP1B 


Ki values (nM) 


8 


250 


10 


270 


11 


240 


12 


570 


36 


830 


42 


220 


46 


300 



5 Analysis for blood glucose lowering effects 

The compounds of the invention are tested for blood glucose lowering effects in diabetic, 
obese female ob/ob mice. The mice are of similar age and body weights and they are ran- 
domized into groups of ten mice. They have free access to food and water during the expe- 
ls 

riment. The compounds are administered by either by gavage. subcutaneous, intravenous or 
10 intraperitoneal injections. The control group receives the same volume of vehicle as the mice 
that receive the compounds. Non-limiting examples of dose-range: 0.1 , 0.3, 1 .0. 3.0,10, 30, 
100 mg per kg body weight The blood glucose levels are measured two times before admi- 
nistration of the compounds of the invention and vehicle (to the control group). After admini- 
stration of the conripound, the blood glucose levels are measured at the follov^ng time points: 
15 1 , 2, 4, 6, and 8 hours. A positive response is defined either as (i) a more than 25 percent 
reduction in blood glucose levels In the group receiving the compound of the invention com- 
pared to the group receiving the vehicle at any time point or (ii) statistically significant (I.e. 
p<0.05} reduction in the area under the blood glucose curve during the whole period (i.e. 8 
hrs) in the group treated with the compounds of the invention compared to the group recei- 
20 ving the vehicle, . . 

Compounds that show positive response can be used as development candidates . 
and used for treatment of human diseases such as diabetes and obesity. . 



25 
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THE SYNTHESIS OF THE COMPOUNDS 

In accordance with one aspect of the invention, the compounds of the invention are prepared 
as illustrated in the following reaction scheme: - 

5 Method A 




a) NCCH2COOR3, sulphur, morpholine or triethylamine, elhanol; b) RaOCOCOimidazoIe, tet- 
10 rahydrofuran; c) 25 % trifluoroacetic add/dichloromethane; wherein n, m, X. Ri, R2, Ra, R4, 
Rs, Re and R7 are defined above; 

When R4 is hydrogen the reaction step a) in Method A gives a mixture of regioisom- 
ers which can be separated by use of column chromatography known to thus skilled in the 
art 

15 

Method B 




20 By allowing an amine (I) and a substituted oxalylamide (II) to react under basic conditions 
(e.g. K2C03, in A/,A/^imethylfonnamide or methylethylketone) or under Mitsunobu conditions 
(Oyo Mitsunobu, Syntfjes/s, (1981) 1-28) to yield (III) wherein W is OH, OSO2M8 or halo, and 
n, m, X, Ri, R2. R3, R4, Re. R7 and Ra are defined above. 



25 Method C 
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By allowing an amine (I) and a substituted oxalylamide (II) to react under basic conditions 
(e.g. K2CO3, in A/,A/-dinnethylformanriide or methylethylketone) or under Mitsunobu conditions 
(Oyo Mitsunobu. Synthesis, (1981) 1-28) to yield (ill) wherein W is OH, OSOjMe or halo, and 
n, m, X, Ri, R2, R3, R4, R5, R7 and Ra are defined above. 

Pharmacological Preparations 

In another aspect, the present invention includes within its scope phamnaceutical compositions 
comprising, as an active ingredient, at least one of the compounds of the general fonmula I or a 
pharmaceutically acceptable salt thereof together with a phanmaceuticaily acceptable carrier or 
diluent 

The present compounds may also be administered in combination with one or more fur- 
ther pharmacologically active substances eg., selected from antiobesity agents, antidiabetics, 
antihypertensive agents, agents for the treatment and/or prevention of complications result- 
ing from or associated with diabetes and agents for the treatment and/or prevention of com- 
pllcatiohs and disorders resulting from or associated with obesity. 

Thus, in a further aspect of the invention the present compounds may be adminis- 
tered in combination with one or more antiobesity agents or appetite regulating agents. 

Such agents may be selected from the group consisting of CART (cocaine ampheta- 
mine regulated transcript) agonists. NPY (neuropeptide Y) antagonists, MC4 (melanocortin 
4) agonists, orexih antagonists. TNF (tumor necrosis factor) agonists, CRF (corticotropin re- 
leasing factor) agonists, CRF BP (corticotropin releasing factor binding protein) antagonists, 
urocortin agonists, p3 agonists, MSH (melanocyte-stimulating honmone) agonists. MCH 
(melanocyte-concentrating hormone) antagonists. CCK (cholecystol<inin) agonists, serotonin 
re-uptatce inhibitors, serotonin and noradrenaline re-uptalce inhibitors, mixed serotonin and 
noradrenergic compounds, 5HT (serotonin) agonists, bombesin agonists, galanin antago- 
nists, growth honmone, growth hormone releasing compounds, TRH (thyreotropin releasing 
hormone) agonists, UCP 2 or 3 (uncoupling protein 2 or 3) modulators, leptin agonists, DA 
agonists (bnomocriptin, doprexin). lipase/amylase inhibitors. PPAR (peroxisome proliferator 
activated receptor) modulators. RXR (retinoid X receptor) modulators or TR p agonists. 

In oYie embodiment of the invention the antiobesity agent is leptin. 

In another ennbodiment the antiobesity agent is dexamphetamine or amphetamine. 

In another embodiment the antiobesity agent is fenfluranriine or dexfenfluramine. 

In still another embodiment the antiobesity agent is sibutramine. 

In a further embodiment the antiobesity ag ntisoriistat; 

In anbth r embodiment the antiob sity agent is mazindol or phentenmine. 
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Suitable antidiabetics comprise insulin, GLP-1 (glucagon like peptide-1) derivatives 
such as those disclosed in WO 98/08871 to Novo Nordisk A/S, which is incorporated herein 
by reference as well as orally active hypoglycaemic agents. 

The orally active hypoglycaemic agents preferably comprise sulphonylureas, bigua- 
nides, meglitinides, oxadiazolidinediones, thiazolidinediones, glucosidase inhibitors, gluca- 
gon antagonists such as those disclosed in WO 99/01423 to Novo Nordisk A/S and Agouron 
Pharmaceuticals, Inc.. GLP-1 agonists, potassium channel openers such as those disclosed 
in WO 97/26265 and WO 99/03861 to Novo Nordisk A/S which are incorporated herein by 
reference, Insulin sesitizers, DPP-IV (dipeptidyl peptidase-IV) inhibitors, inhibitors of hepatic 
enzymes involved in stimulation of gluooneogenesis and/or glycogenolysis, glucose uptake 
modulators, compounds modifying the lipid metabolism such as antihyperiipidemic agents 
and antilipidemic agents as HMG CoA inhibitors (statins), compounds lowering food intake, 
PPAR and RXR agonists and agents acting on the ATP-dependent potassium channel of the 
P-cells. 

In one embodiment of the invention the present compounds are administered in com- 
bination with insulin. 

In a further embodiment the present compounds are administered in combination with 
a sulphonylurea eg. tolbutamide, glibendamide, glipizide or glicazide. 

In another embodiment the present compounds are administered in combination with 
a biguanide eg. metfonmin. 

In yet another embodiment the present compounds are iadministered in combination 
with a meglitinide eg. repaglinlde. 

In still another embodiment the present compounds are administered in combination 
with a thiazolidinedione eg. troglitazone. ciglitazone, pioglitazone. rosiglltazone or com- 
pounds disclosed In WO 97/41 097 such as 5-[[4-[3-Methyl-4-oxo-3.4-dihydro-2- 
quina2DlinyI]methoxy]phenyl-methyl]thiazolidine-2,4-dione or a phamiaceutically acceptable 
salt thereof, preferably the potassium salt. 

Furthemiore, the present compounds may be administered in con^bination with the 
insulin sensitizers disclosed in WO 99/1 931 3 such as (-) 3-[4-{2-Phenoxazin-i 0- 
yl)ethoxy]phenyli-2-ethoxypropanoic add or a pharmaceutically acceptable salts thereof, 
preferably the arginine salt. 

In a further embodiment the present compounds are administered In combination with 
an a-glucosidase inhibitor eg. miglitol or acarbose. 

In another embodiment th present compounds are administered in. combination with 
an agent aciing oh the ATP^ependent potassium channel of the p-cells eg. tplt)utamide, 
glibendamid , glipizide, glicazide or repaglinide. 
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Furthermore, the present compounds may be administered in combination with 
nateglinide. 

In still another embodiment the present compounds are administered in combination 
with an antihyperlipidemic agent or antilipldemic agent eg. cholestyramine, colestipol, clofi- 
5 brate, gemfibrozil, lovastatin, pravastatin, simvastatin, probucot or dextrothyroxine. 

In a further embodiment the present compounds are administered in combination with 
more than one of the above-mentioned compounds eg. in combination with a sulphonylurea 
and metformin, a sulphonylurea and acarbose, repaglinide and metformin, insulin and a sul- 
phonylurea. insulin and metformin, insulin, Insulin and iovastatin, etc. 
10 Furthermore, the present compounds may be administered in combination with one 

or more antihypertensive agents. Examples of antihypertensive agents are p-blockers such 
as alprenolol, atenolol, timolol, pindolol, propranolol and metoprolol, ACE (angiotensin con- 
verting enzyme) Inhibitors such as benazepril, captopril, enalapril, foslnopril, listnopril. 
quinapril and ramipril, calcium channel blockers such as nifedipine, felodipine, nicardipine, 
15 isradipine, nimodipine, diltiazem and verapamil, and a-blockers such as doxazosin, urapidtl, 
prazosin and terazosin. Further reference can be made to Remington: The Science and 
Practice of Pharmacy. 19*^ Edition, Gennaro, Ed., Mack Publishing Co., Easton, PA. 1995. 

It should be understood that any suitable combination of the compounds according to 
the Invention with one or more of the above-mentioned compounds and optionally one or 
20 more further phanmacologically active substances are considered to be within the scope of 
the present invention. 

For the above indications the dosage will vary depending on the compound of the invention el7^ 
ployed, on the mode of administration and on the therapy desired. However, In general, 
satisfactory results are obtained with a dosage of from about 0.5 mg to about 1000 mg. 

25 preferably frorn about 1 mg to about 500 mg of compounds of the invention, conveniently given 
. from 1 to 5 times daily, optionally in sustained release form. Usually, dosage fomns suitable for 
oral administration comprise from about 0.5 mg to about 1000 mg. preferably from about 1 mg 
to about 500 mg of the compounds of the invention admixed with a pharmaceutical earner or 
diluent The compounds of the invention may be administered in a phamnaceutically acceptable 

30 acid addition salt fomn or where possible as a metal or a Ci^lkylammonlum salt Such salt 
fbnms exhibit approximately the same order of activity as the free add fomns. 

This invention also relates to phamraceutical compositions comprising a compound of 
the invention or a pharmaceutically acceptable salt thereof and, usually, such compositions also 
contain a pharmaceutical canjer or diluent The compositions containing the compounds of tiiis 

35; ' invention may b prepared by conventional techniques and appear in conventional fonms. for 
exampi capsules; tablets, solutions or suspensions. 
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The pharmaceutical carrier employed may be a conventional solid or liquid earner. Ex- 
amples of solid carriers are lactose, terra alba, sucrose, talc, gelatine, agar, pectin, acacia, 
magnesium stearate and stearic acid. Examples of liquid carriers are syrup, peanut oil, olive oil 
and water. 

Similarly, the earner or diluent may include any time delay material known to the art, 
such as glyceryl monostearate or glyceryl distearate. alone or mixed with a wax. 

If a solid earner for oral administration is used, the preparation can be tabletted, placed 
in a hard gelatine capsule in powder or pellet form or It can be in the fonm of a troche or lozenge. 
The amount of solid carrier will vary widely but will usually be from at^out 25 mg to about 1 g. If a 
liquid carrier is used, the preparation may be in the form of a symp, emulsion, soft gelatin cap- 
sule or sterile injectable liquid such as an aqueous or non-aqueous liquid suspension or solu- 
tion. 

Generally, the compounds of this invention are disperised in unit dosage form comprising 10- 
200 mg of active Ingredient in or together with a pharmaceuticalty acceptable carrier per unit 
dosage. 

The dosage of the compounds according to this invention is 1-500 mg/day, e.g. about 
100 mg per dose, when administered to patients, e.g. humans, as a drug. 

A typical tablet that may be prepared by conventional tabletting techniques contains 

Core: 

Active compound (as free compound 100 mg 
or salt thereof) 

Colloidal silicon dioxide (Areosif*) 1.5 mg 

Cellulose, microcryst (Avicel®) 70 mg 

Modified cellulose gum (Ac-Di-So(®) 7.5 mg 

Magnesium stearate 

Coating: 

HPMC appnox. 
'Mywacetl!* 9-40 T approx. 

'Acylated monoglyceride used as plaslidser for film coating. " - ' 

the route of administration may be any route, which effedivjBly transports the active compound 
to the: appropriate! or d sired sit of action, such as oral or parenteral e.g. rectal, transdermal, 
subcutaneouis. intranasal, intramuscular, topical, intravenous, intraurethral, ophthalmic solution 
or anointrrient. the oral route being preferred. • T . 



9 mg 
0.9 mg 
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EXAMPLES 

The process for preparing compounds of Formula 1 and preparations containing them is fur- 
ther illustrated in the following examples, which, however, are not to be construed as limiting. 

Hereinafter, TLC is thin layer chromatography, CDCI3 is deuterio chloroform, CD3OD 
is tetradeuterio methanol and DMSO-de is hexadeuterlo dimethylsulfoxide. The structures of 
the compounds are confirmed by either elemental analysis or NMR, where peaks assigned to 
characteristic protons in the title compounds are presented where appropriate, NMR shifts 
(5h) are given In parts per million (ppm) down field from tetramethylsilane as internal refer- 
ence standard. M.p.: is melting point and is given In °C and is not corrected. Column chroma- 
tography was carried out using the technique described by W.C. Still a/., J. Org, Chem. 43: 
2923 (1978) on Merck silica gel 60 (Art. 9385). HPLC analyses are performed using 5^m 
C18 4 X 250 mm column eluted with various mixtures of water and acetonitrile, flow = 1 
ml/min, as described in the experimental section. 

Compounds used as starting material are either known compounds or compounds, 
which can readily be prepared by methods known £er se. 



P<AMPLE 1 




5-(1.3-Dioxo-1.3-dihvdro-isoihdQl-2-vlmethvl>-2-foxalvl-amino)-4.5.6.7-tetrahvdro-thlenor2.3- 
clDvridine-3.6-dicarboxvlic acid 6-ethvl ester 

To a solution of 4-{2-spiro[1,3]dioxolane)-piperidlne (51.5 g, 0.36 moles) in a mixture of dich- 
loromethane (500 ml) and saturated sodium bicarbonate (500 ml) was added 6\-tert' 
butyldicarbonate (69.8 g, 0.32 moles) and the reaction was vigorously stirred for 3 hours and 
the layers separated. The organic layer was washed with IN hydrochloric acid (2 x 150 ml), 
brine (100 ml), dried {MgS04), filtered and the solvent evaporated in vacuo affording 75.5 g 
(97 %) of 4-(2-^piro[1 .3]dioxolane)-piperidine-1-carboxylic add fe/t-butyl ester as a crystalli- 
zing oil. . . ' 

:^H-NMR (400 MHz. CDCyrS 3.96 (S.4H); 3.49 (bni.4H), 1.65 ( 1.45(s.9H). 

Toth above 4-{2-spiro[1,3]dioxolane)-piperidine-1-carboxylic add tert-butyi ester 
(4.0 g. 16.4 mmol) dissolved in dry diethyl ether (32 ml) was added 2.2* bipyridyl (1 mg) and 
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the solution was cooled to -75 ^C. Tetramethyl-ethylenediamine (3.2 ml. 21.4 mmol) was 
added followed by dropwise addition of sec-butyl lithium (16.4 ml, 21 .4 mmol, 1,3M in cyclo- 
hexane). The mixture was stirred at -75 °C for 10 min, then slowly warmed to -20 °C and stir- 
red at that temperature for 0.5 hour, then cooled to -30 **C. At this temperature, fonnaldehyde 
was generated by heating paraformaldehyde at 150 °C and passed through the mixture with 
dry nitrogen until the color faded to off-white, at which time water (40 ml) was added. The 
layers were separated, and the aqueous layer was extracted with diethyl ether (2 x 50 ml). 
The combined organic extracts were washed with 1N hydrochloric acid (2 x 75 ml), saturated 
sodium bicarbonate solution (50 ml), dried (MgS04). filtered and the solvent evaporated in 
vacuo. The residue (2.9 g) was purified by silica gel chromatography (hexane/ethyi acetate. 
10 % ethyl acetate to 30 % ethyl acetate, gradient). Pure fractions were collected and the 
solvent evaporated in vacuo affording 1 .3 g (29 %) of 2-hydroxymethyl-4-(2- 
spiro[1,3]dioxolane)-plperidine-1-cariboxylic add fert-butyl ester as a thick oil. 
'H-NMR (400 MHz, CDCI3): 5 4.42 (bm, 1H), 4.08-3.96 {m, 5H). 3.96-3.88 (m, 1 H), 3.78-3.70 
(m. 1H), 3.30-3.16 (bm, 1H), 2.30-1.98 (bs. 1H), 1.96-1.78 (m, 2H), 1.74-1.64 (m. 2H), 1.49 
(s. 9H). 

To 2-hydroxymethyl-4-(2-spiro[1,3]dioxolane)-piperidine-1-carboxylic acid terf-butyl 
ester (0.4 g, 1.5 mmol) dissolved in dry tetrahydrofuran (20 ml) was added phthalimide (0.28 
g, 1.9 mmol), triphenylphosphine (0.5 g. 1.9 mmol) and the mixture was cooled to 0 °C in an 
ice bath. Diethyl azodicarisoxytate (0.29 ml. 1.82 mmol) was added dropwise and the mixture 
was stirred at 0 **C for 0.5 hour, then at ambient temperature for 18 hours. The solvent was 
removed In vacuo and the residue was purified by silica gel chromatography (hexane/ethyl 
acetate, 18 % ethyl acetate to 25 % ethyl acetate, gradient). Pure fractions were collected 
and the solvent evaporated In vacuo affording 0.29 g (48 %) of 2-(1 ,3-dloxo-1 ,3-dihydro- 
isoindol-2-ylmethyl)-4-(2-5piro[1,3]dioxolane)-piperidine-1-carboxyIic acid fert-butyl ester. 
'H-NMR (400 MHz, CDCI3): 5 7.94-7.80 (bs, 2H), 7.80-7.64 (bd, 2H), 4.96^.70 (2bs, 1H). 
4.66^.52 (m, 1H), 4.30-4.14 (bm, 1H). 4,12-4.04 (m. 2H), 4.04-3.94 (m, 2H), 3.56-3.32 (m, 
2H). 2.04-1 .92 (m, 1 H), 1 .90-1 .60 (m, 4H), 1 .22-1 .00 (bs, 9H). 
MS: m/z: 403 [M+HJ*. 303 [M-Boc] 

To the above 2-(1 ,3-dioxo-1 ,3-dihydroHsoindol-2-ylmethyI)-4'-(2-spirp(1 .3]dioxolane)- 
plperidine-l-carboxyfic acid te/f-butyl ester (1.1 g. 2.7 mmol) dissolved in dichl'oromethane (6 
: ml) was added 1 .0 N hydrogen chloride in diethyl ether (50 ml) and the solution kept at ambi- 
ent temperature for 62 hours: The'predpitate was filtered off and washed with diethyl ether 
and dried with nitrogen which afford d 0.83 g (90 %) of 2-(1,3-diox6-1,3-dihydro-isoindol-2- 
ylmethyl)-4r(2-spiro[1,3]dioxoiane)-piperidiri hydrochloride as a solid. 
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'H-NMR (400 MHz. DMSO-de): 5 9.2-8.8 (2bs. 2H). 7.8-8.1 (m. 2H). 4.1-3.6 (m, 5H). 2.9 (bs. 
1H), 2.2-1.6 (m.5H). 
MS: m/z: 303.5. [M+Hf 

To a suspension of the above 2-(1,3-dioxo-1,3-dihydro-isoindol-2-ylniethyl)-4-{2- 
spiro[1 ,3]dioxolane)-piperidine hydrochloride (0.7 g, 2.1 mmol) and ethyl chloroformate (0.24 
ml, 2.5 mnnol) in dry tetrahydrofuran (14 ml) cooled in an ice bath under nitrogen was added 
diisopropyl-ethylamine (0.95 ml, 5.4 mmol) and the reaction mixture was stirred at ambient 
temperature for 3 hours. The volatiles were removed in vacuo and the residue was partitio- 
ned between dichloromethane (25 ml) and IN hydrochloric acid (25 ml). The layers were se- 
parated, and the aqueous layer extracted with dichloromethane (20 ml). The combined orga- 
nic extracts were washed with a saturated sodium bicarbonate solution (50 ml), dried 
(MgS04), filtered and the solvent evaporated in vacuo . The residue was triturated with n- 
butylchloride, filtered and dried with nitrogen which afforded 0.47 g (61 %) of 2-(1 ,3-dioxo- 
1 ,3-dthydro-isoindol-2-ylmethyl)-4-(2-spiro[1 ,3]dioxolane)-piperidine-1-cari3oxylic acid ethyl 
ester as an oil. 

'H-NMR (400 MHz, CDCI3): 6 7.9 (s. 2H). 7.7(s, 2H), 4.9-4.7 (bs. 1H). 4.7-4,5 (m. 1H). 4.3- 
3.9 (m. 5H). 3.9-3.6 (bs. 1H), 3.6-3.3 (m, 2H), 2.0-1.9 (m, 1H). 1.9-1.5 (m, 4H), 1.1-0.7 (bs. 
3H). 

MS: m/z: 373 [M-H]-. 

A solution of the above 2-(1 ,3-dloxo-1,3-dihydro-lsoindoI-2-y!methyl)-4-(2- 
spiro[i,3]dioxolane)-piperidine-1-carboxylic acid ethyl ester (0.44 g, 1.2 mmol) in a mixture of 
IN hydrochloric add (18 ml) and tetrahydrofuran (18 ml) was heated a 75**C under nitrogen 
with stirring for 18 hours. The tetrahydrofuran was removed in vacuo and the residue was 
extracted with dichloromethane (2 x 75 ml). The combined organic extracts were washed 
with a saturated sodium bicarbonate solution (50 ml), dried (MgS04), filtered and the solvent 
removed in vacuo affording 0.42 g (> 1.00 %) of 2-(1,3-dioxo-1,3-dihyd^o-lsoindol-2-ylmethyl)- 
4-oxo-plperid^ne-1-carboxylic add ethyl ester as a solid. 

'H-NMR (400 MHz. CDCI3): 8 7.9 (s, 2H), 7.8 (s. 2H), 5.3-5.0 (bm, 1H), 4.6-4.2 (bm, 1H). 4.0 
(rp. 2H). 3.8-3,6 (bm, 3H), 2.8 (m. 1H). 2.7-2.4 (bm. 3H). 1.0 (bs, 3H). 
MS: rn/z: 330.6 [M+H]*. 

A mixture of the above 2-(1 ,3-dioxp-1 ,3-dihydrp-isoindol-2-ylmethyl)-4-oxo-piperidine- 
, 1-carboxylic add ethyl estisr (0.39 g; 1.2 mmol), fert-butyl cyanoacetate (0.22 g, 1.55 mmol), 
sulfur (42 rrtg, 1.3 rhmol) in ethanol (1 .5 ml) was degassed. To this mixture, under nitrogen, 
moiphoiine (205 pi) was added and "this mixture was heated a 50 °C for 13 hours. The solvernt 
was removed in vacuo. Th residue (0.74 g) was purified by silica gel chromatography using 
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a mixture of hexane/ethyl acetate (7:3) as eluent. Pure fractions were collected and the sol- 
vent evaporated in vacuo. The residue (0.29 g) was titurated with acetonitrile, filtered, and 
dried with nitrogen affording 84 mg (15 %) of 2-amino-5-(1,3-dioxo-1.3-dihydro-isoindoI-2- 
ylmethyl)-4.5,6,7-tetrahydro-thieno[2,3-c]pyridine-3.6-dicarboxylic add 3-tert-butyI ester 6- 
ethyl ester. 

'H-MNR (400 MHz, CDCI3): 5 7.9-7.7 (2m. 4H), 6.0 (bs, 2H). 5.1r4.8 (bm, 1H). 4.8-4.5 (m. 
1H). 4.5-4.2 (m, 1H). 4.1-3.4 ,(3m, 4H), 3.0 (m. 2H), -1.8-1.4 (m. 10H). 1.1-0.9 (m. 3H). 
MS: m/z: 486 [M+H]*. 

To the above 2-amino-5-(1 .3-dioxo-1 ,3-dihydro-isoindol-2-ylmethyl>4,5,6,7- 
tetrahydro-thieno[2,3-c]pyridine-3,6-dicarboxyltcadd 3-fer/-butyl ester 6-ethyl ester (48 mg. 
0.1 mmol) dissolved In dry tetrahydrofuran (1 ml) was added imidazol-1-yl-oxo-acetic add 
te/t-butyl ester (0,4 ml) and the solution stirred for 18 hours at ambient temperature. The sol- 
vent was removed in vacuo and the residue was dissolved in dichloromethane (25 ml) and a 
saturated sodium bicarbonate solution (25 ml) was added. The layers were separated and 
the aqueous layer was extracted with dichloromethane (25 ml). The combined organic ex- 
tracts were dried (Na2S04). filtered and the solvent evaporated jn vacuo. The residue (63 mg) 
was dissolved in ethyl acetate and passed through 1 g of silica gel and the solvent evapora- 
ted in vacuo affording 55 mg (90 %) of 2-(tert-butoxyoxalyl-an™no)-5-(1 .3-dioxo-1 ,3-dihydro- 
isoindol-2-ylmethyl)-4,5,6,7-tetrahydro-thieno[2.3-c]pyridine-3,6-dicarboxylic add 3-fe/t-butyl 
ester 6-ethyl ester as a solid. 

The above 2-(/e/t-butoxyoxalyl-amino)-5-(1.3-dtoxo-1,3-dihydro-isoindol-2-ylmethyl)- 
4,5.6,7-tetrahydro-thieno[2,3^lpyridine-3,6-dlcarboxylic add 3-fert-butyl ester 6-ethyf ester 
(55 mg, 0.09 mmol) was dissolved in 50 % trifluoroacetic add in dichloromethane (2 ml) and 
stirred at ambient temperature for .18 hours. The volatiles were removed in vacuo and the 
residue was purified by preparative HPLC (column: Kromasil C18, 250 x 4.6 mm., flow: 2 
ml/min., gradient: acetonltrileAwater, 20 % acetonitrile to 60 % acetonitrile over 20 min.) affor- 
ding after evaporation of the solvent jn vacuo 13.8 mg (31 %) of the title compound as a solid 
trifluoroacetate. 

'H-NMR (400 MHz, DMSO-de): 6 14-13 (bs, 1H), 12.4 (s, 1H), 7.9 (s, 4H), 4.9 (m. 2H). 4.4 
(m. 1H), 4.0-2.8 (m, 13H). 0.8 (m. 3H). 

MS: m/z: 502 IM+H]*. - ' 
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EXAMPLE 2 




5-f 1 .3-Dioxo-1 .3-dihvdr(>-isoindol-2-vlmethvlV2-(oxalvl-aminoM.5.6.7-tetrahvdro-thienor2.3- 
clpvridine-3-carboxvlic acid 

2-(1 ,3-Dioxo-1 ,3-dihydro-isoindoI-2-ylmethyl)'4-(2-spiro[1 ,3]dioxoIane)-piperidine-1- 
carboxylic acid tert-butyl ester (353 mg, 0.88 mmol) was cooled in an ice bath and then dis- 
solved in a solution of 20 % trifluoroacetic acid/dichloromethane (7 ml). The reaction was stir- 
red for 5 minutes in the ice bath then another 3 hours at ambient temperature, after which it 
was concentrated in vacuo affording a solid residue, to the solid was added 2N hydrochloric 
acid (9 ml) and the mixture was heated at 50 °C (oil bath) with sUnring for 24 hours. The coo- 
ted reaction mixture was quenched with saturated sodium bicarbonate solution until the pH 
was basic. The aqueous layer was extracted with chloroform (3 x 20 ml) and the combined 
organic extracts dried (K2CO3), filtered, and the solvent evaporated in vacuo to give 205 mg 
(91 %) of 2-(4-oxo-piper1dln-2-ylmethyl}-isoindole-1,3-dione as a solid. 
'H-NMR (400 MHz. CDCI3): 6 7.90-7.83 (m. 2H), 7.78-7.71 (m. 2H), 3.81-3.73 (m. 2H). 3.43- 
3.35 (m, 1H), 3.30-3.22 (m. 1H), 2.83 (dt, 1H, J = 13 Hz and J = 3 Hz), 2.46 (d, 1H, J = 15 
Hz). 2.42-2.32 (m, 2H). 2.21 (dd, 1H, J = 14 Hzand J = 13 Hz). 
y\PC/-/lfS: m/z: 259 (M+Hf 

The above 2-(4-oxo-piperidin-2-ylmethyl)-isoindole-1 ,3-dione (0.20 g, 0.76 mmol) was 
dissolved in dichtoromethane (5 ml). Saturated sodium bicarbonate solution (5 ml) was ad- 
ded followed by di-tert-butyl dicarbonate (0.20 g. 0.91 rrunol). The reaction was stirred vigo- 
rously for 16 hours after which the organic phase was separated. The aqueous layer was ex- 
tracted with dichloromethane (2x10 ml) and the combined organic extracts were dried 
(Na2S04), filtered, and the solvent evaporated In vacuo . The residue was purified by silica gel 
chromatography using a gradient of ethyl acetate/dichloromethane (0 to 10 % gradient) as 
eluent. Pure fractions were collected and the solvent evaporated in vacuo affording 0.23 g 
(85 %) of 2-(i ,3-dloxo-1 ,3-dihydro-isoindol-2-ylmethyl)-4-oxo-piperidine-1-carboxyIic acid . 
ferf-butyl ester. , , 

'H-NMR (400 MHz, CDCy: 5 7.86 (bs. 2H)..7.72.(bs, 2H). 5.15-4:98 (m. 1H).-4.23-t;i4 (m. 
1H). 3.90 (t. 1H. J = 12 Hz). 3.61-3.52 (m. 2H). 2:78-2.70 (m. 1H). 2.57-2.39 (m. 3H). 1 .15 (s, 

9H),- . •. , ■ ; - - .. ■•• . - ■ . • 

;*PC/-AfS: nn/z: 359[M+H]* ' • . 
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The above 2-(1 ,3-dioxo-1 ,3-dihydro-isoindoI-2-ylmethyI)-4-oxo-piperidine-1-carboxylic 
acid fert-butyl ester (0.43 g. 1.2 mmol) was dissolved in absolute ethanol (9 ml). To the solu- 
tion was added sulfur (42 mg, 1.32 mmol) and ferf-butyl cyanoacetate (0.22 g, 1,56 mmol). 
The mixture was placed under nitrogen and stirred in a 50 "C oil bath. Morpholin (0.21 ml, 2.4 
mmol) was added and the reaction was stirred for 16 hours. The precipitate fonmed was filte- 
red off and washed with acetonitrile (2x3 ml) and dried which afforded 0.18 g of 2-amino-5- 
(1 ,3-dioxo-1 .3-dihydrossoindo|-2-yImethyl)-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3,6- 
dicarboxylic acid di-terf-butyl ester (A) (30 %). The filtrate was concentrated in vacuo and the 
residue purified by silica gel chromatography using a gradient of ethyl acetate/hexane (1:4 to 
1:3 gradient) as eluent. Pure fractions were collected and the solvent evaporated in vacuo 
affording 0.3 g of a mixture of 2-amino-5-(1,3-diC)XO-1,3-dihydro-isoindol-2-ylmethyl)-4,5,6,7- 
tet^ahydro-thieno[2,3-c]pyridine-3,6-dicarboxylIc acid di-te/f-butyl ester and 2-amino-7-(1,3- 
dioxo-1,3Hdihydro-isoindol-2-yImethyl>4»5,6,7-telrahydro-thieno[2,3-c]pyridine-3.6- 
dicarboxylic acid di-terf-butyl ester. HPLC purification of a small portion of the mixture gave 
28 mg of pure 2-amino-7-(1,3-dioxo-1,3-dihydroHsoindol-2-ylmethyl>4,5,6.7-tetrahydro- 
thieno[2,3-c]pyridine-3.6-dicarboxylic acid di-terf-butyl ester (B). 

(A): 

'H-NMR (400 IVIHz, CDCI3): 5 7.87-7.82 (m, 2H) 7.73-7.66 (m, 2H), 6;00 (bs. 2H). 5.02-4.87 
(m. 1H). 4.72-4.21 (m. 2H). 4.03-3.93 (m, 1H), 3.51 (t, 1H, J = 14 Hz), 2.97-2.91 (m. 2H), 
1.56 (S.9H), 1.12-1.09 (s,9H). 
LC-MS: Rt=3.96min, m/z: 514.4 [M+H]* 

<B): 

^H-NMR (400 MHz. CDCI3): 5 7.88-7.82 (m, 2H), 7.74-7.66 (m, 2H). 5.39-5.19 (mi 1H), 4:30- 
4.02 (m, 2H). 3.78-3.70 (m, 1H), 3.33-3.18 (m, 1H), 2.86 (dd, 1H, J = 18 Hz and J = 4 Hz). 
2.75-2.61 (m, 1H), 1.54 (s. 9H), 1.13-1.05 (s. 9H). 
Z.C-/WS: Rt=4.01 min. m/z: 514.4 [M+H]* 

, To a solution of the above 2-amino-5-{1.3-dioxo-1,3-dihydro-isoindol-2-ylmethyl)-4,5,6,7- 
tetrahydro-thieno[2.3-c]pyridlne-3,6Hdicart>oxylic add di-terf-butyl ester (50 mg, 0.097 mmol) 
in dichloromethane (3 ml) was added imidazoM-yl^xo-acetic add terf-butyl ester (60 mg, 
0.29 mmol). The reaction was placed under nitrogen and stirred for 3 hours at ambient tem- 
perature. The solution vras concentrat d jn vacuo and the residu purified by silica ger chro- 
matography using a 5 % mixture of ethyl acetat / dichloromethane as luerit Pure fractions - 
werecollect d and the, solvent evaporated in vacuo affording 54 mg f87 %) of 2-(terf- 
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butoxyoxa!yl-amino)-5-(1 ,3-dioxo-1 ,3-dihydro-isoindol-2-ylmethyl)-4,5,6,7-tetrahydro- 
thieno[2,3-c]pyridine-3,6-dicarboxylic acid di-tert-butyl ester. 

^H-NMR (400 MHz. CDCI3): 5 12.52 (s, 1H), 7.85 (bs. 2H), 7.74-7.67 (m. 2H), 5.08-4.92 (m, 
1H), 4.93-4.40 (m, 2H), 3.97-3.87 (m. 1H). 3.53 (t, 1H, J = 14 Hz), 3.11-2.99 (m. 2H), 1.62 (s, 
5 18H). 1.14-1.12 (2s. 9H). 
APCI'MS: m/z: 641 [M-Hl* 

The above 2r(rert-butoxyoxaiyl-amino)-5-{1,3-dioxo-1 ,3-dihydrorisoindol-2-ylmethyI)- 
4.5.6,7-tetrahydro-thieno[2.3-c]pyridine-3,6-dicarboxylic add di-te/t-butyl ester (54 mg, 0.084 
mmol) was dissolved in a solution of 50 % trifluoroacetic acid/dichloromethane (2 ml). The 
10 reaction was stirred at ambient temperature for 7 hours, concentrated in vacuo and the resi- 
due evaporated ]n vacuo from dichloromethane (3x10 ml). The resulting precipitate was 
washed with dichloromethane, filtered off and dried in vacuo, which afforded 41 mg (90 %) of 
the tit{e compound as a solid trifluoroacetate. 

^H-NMR (400 MHz, DMSO-de): 5 12.31 (s, 1H), 9.36 (bs. 2H). 7.93-7.90 (m, 2H), 7.88-7.85 
15 (m, 2H), 4.43 (d, IN. J = 16 Hz), 4.26 (d. 1H. J = 16 Hz), 4.03-3.91 (m, 2H). 3.83-3.76 (m. 
1H), 3.31 (dd. 1Hp J = 18 Hz and J = 4 Hz). 2.82 (dd, 1H. J = 18 Hz and J = 10 Hz). 
APC!-MS: m/z: 430 [M+H]* 
HPLC (254.4nm): Rr=6.72 min, 98 % 

20 



EXAMPLE 3 




5-fS>-(1.3^Dioxo-1.3-dihydro-isoindol-2-vlmethvl>-2-(oxalvl-amrnoM.5.6.7-tetrahvdro- 
thienor2.3-clDvridtne-3-carboxvlic acid 

25 To a solution of L^aspartic acid (120 g, 0.90 mol) in methanol (600 ml) cooled to -20 'C was 
added thionylchoride (93 ml, 1.29 mol) dropwise over 0.5 hour. The cooling bath was re- 
moved and the mixture was stirred for 1 hour, before diethyl ether (1.8 L. containing 50 ml 1 
N hydrochloric add in diethyl ether) was added upon cooling. The resulting predpltate was 
filtered off and washed wth diethyl ether. The product was . 

30 First recrystallizatidn: The product was dissolved in warm methanol (600 ml) and repredpi- 
tated with 1 .8 rnl diethyl ether (containing 50 mi l N hydrochloric add in diethyl ether). 
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Second recrystallization: The product was dissolved in warm methanol (250 ml) and repre- 
dpitated with 1 .0 m diethyl ether (containing 50 mil N hydrochloric acid in diethyl ether). 
This afforded 75 g (45 %) of L-aspartic acid p-methyl ester hydrochloride as a solid. 
To a solution of the above p-methyl ester (50 g, 0.27 mol) in water (120 ml) cooled to 
0 **C was added triethylamine (95 ml, 0.68 mol) and methyl acrylate (74 ml, 0.82 mol). The 
reaction mixture was stirred for 3 hours before the cooling bath was removed. After stirring 
for an additional 1 hour the mixture was washed with petrol ether (2 x 400 ml), before tert- 
butanol (40 ml) and di-tert-butyl dicarbonate (74 g, 0.34 mol) was added and the reaction 
mixture was stirred for 16 hours. The mixture was washed with petrol ether (2 x 400 ml), 
cooled to 0 *C and the pH adjusted to 3 with concentrated hydrochloric add. After extraction 
with ethyl acetate (3 x 200 ml) the organic phase was washed with brine (200 ml), dried 
(MgS04), filtered and the volatiles evaporated in vacuo . The residue was subjected to col- 
umn chromatography on silicagel using a mixture of ethyl acetate/hexane/methanol/acetic 
add (25:25:2.5:1) as eluent. Pure fractions were collected and the solvent evaporated m 
vacuo which afforded 60 g (66 %) of 2-(ferf-butoxycarbonyl-(2-methoxycarbonyl-ethyl>- 
amino)-sucdnic add 4-methyl ester as a solid. 

To a solution of the above dl-ethyl ester (96.9 g. 0.29 mol) in dry degassed tetrahy- 
drofuran (1.0 1) was added sodium methoxide (161 ml, 30% solution in methanol) and the 
reaction mixture was refluxed under nitrogen for 16 hours with mechanical stinring. The reac- 
tion mixture was cooled to room temperature; the volatiles remove in vacuo until a wet cage 
was observed. Water (500 ml) was added and the reaction mixture was refluxed for 16 
hours. The remaining organic solvents were evaporated in vacuo before ttie pH was adjusted 
to 2.5 with concentrated hydrochloric add. The aqueous phase was extracted with ethyl ace- 
tate (3 x 300 mi) and the combined organic phases were washed with brine (100 ml), dried 
(MgSOO and filtered. terf-Butyl amine (25.36 g, 0.350 mol) was added dropwise under stir- 
ring whereupon a off white predpitate was fonmed. The predpitate was filtered off and 
washed with ethyl acetate, dried m vacuo affording 74.4 g (81 %) of 4-oxo-piperidine-1 ,2- 
dicarboxylic add 1-fe/t-butyl ester, fe/t-butyl amine salt as a solid. 

Analytically pure compound can be obtained from recrystallisation of the crude prod- 
uct from ethanpl-diisopropyl ether by heating the compound in ethanol (ca 1 00 ml per 1 0 g 
compound) and while still hot diisopropyl ether is added (ca 250 ml per 10 g compound). 
Yield in recrystallisation Is approxinnately 50 %. 

A solution of the above 4-qxo-piperidine-1 ,2-dicarboxylic add 1-terf-butyl ester, tert- 
butyl amine.salt (3.0 g, 9.48 mmol), tert-butyl cyarioacetate (2,01 g, 14.22 mmol). sulfur (0.46 
g, 14.22 mmol) and diisoprapyl-ethylamine (1.64 ml, 9.48 mm I) was heated to. 50 under ' . 
nitrogen for 12, hours. Th solution was. allowed to cool to room temperature before a small 
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precipitate was filtered off. The filtrate was evaporated in vacuo and the residue was divided 
between ethyl acetate (50 ml) and saturated ammonium chloride (100 ml). The aqueous 
phase was extracted with ethyl acetate (3 x 50 m) and the combined organic phases were 
washed with brine (50 m!), dried (MgS04), filtered and the solvent evaporated in vacuo . The 
5 residue was subjected to column chromatography using a mixture of petrol ether/ethyl ace- 
tate/methanol (8:4:1) as eluent. Pure fractions were collected and the solvent evaporated in 
vacuo affording 2.22 g (58 %) of 2-amino-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3,5,6- 
tricarboxylic acid 3,6-di-tert-butyl ester as a solid. 

10 To a solution of the above 3,5,6-tricarboxylic add 3,6-dl-fert-butyl ester (0.63 g, 1 .58 

mmol) in dimethoxyethane (10 ml) cooled to -20 "C was added N-methylmorpholine (174 ml, 
1.58 mmol) followed by tsobutylchoroformate (205 ml. 1.58 mmol) and the reaction mixture 
was stirred for two min. before a precipitate was filtered off. The precipitate was rapidly 
washed with dimethoxyethane (2 x 2.5 ml), recooled to -20 and a solution of sodium 

15 borohydride (90 hig, 2.37 mmol) in water (1 ml) was added in one lot to the filtrate. (Caution - 
gas evolution). 

The reaction mixture was stirred until gas evolution ceases (app. 3 min.) and the rnix- 
ture was poured into water (25 ml) and extracted with ethyl acetate (10 ml)« washed with 
brine (5 ml), dried (MgS04), filtered and the solvent evaporated jn vacuo affording 0.40 g (66 

20 %) of 2-amlno-5-{S)-hydrQxymethyI-4.5,6,7-tBtrahydro-thieno[2,3-c]pyridine-3,6-dicarboxylic 
acid dWert-butyl ester as a solid. 

To a mixture of the above 2-amino-5-(S)-hydroxymethyt-4,5,6,7-tetrahydro-thieno[2,3- 
c]pyridine-3,6-dicarboxylic acid di-terf-butyl ester (2.00 g. 5.20 mmol), phthalimide (0.92 g. 
6.24 mmol) and triphenylphosphine (1 .64 g, 6.24 mmol) in dry tetrahydrofuran (30 ml) cooled 

25 to 0 °C under a nitrogen atmosphere was added diethyl azodicarboxylate (DEAD) (0.98 ml, 
6.24 mmol). The reaction mixture was allowed to stir overnight, slowly warming to room ten> 
perature. Next day the reaction mixture was again cooled to 0 **C and phthalimide (0.46 g, 
3.12. mmol). triphenylphosphine (6.82 g. 3. 1 2 mmol) and diethyl azodicartroxylate (DEAD) 
(0.49 ml. 3.12 nimol) was added rn sequence and the reaction mixture was allowed to stir 

30 overnight, slowly warming to room temperature. The volatiies were evaporated in vacuo and 
the resultant solid dissolved in dichloromethane (20 ml). The residue was subjected to flash 
column chromatography using a mixture of ethyl acetate/hexane (1 :2) as eluent Fractions 
were coiiected affording after evaporation in vacuo 1 .0 g of the desired compound cohtamir 
nated with phthalimide. Recrystallization fronri ethanol gave 0.23 g (9 %) of pure 2-amino-5- 

35 (S)-(1 ,3-dioxG-1 .3-dihydroH*soindol-2-ylniethyl)^,5,6,7-tetr^hydro-thieno[2.3-c]^^^^ . 
dicarboxylic add dirterf-butyl ester as a solid. . 
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To the above di-fert-butyl ester (0.20 g, 0,39 mmol) dissolved in dichloromethane (4 
ml) was added a mixture of imidazol-l-yl-oxo-acetic acid tert butyl ester (0.23 g. 1.17 mmol) 
in dichloromethane (1 ml) under nitrogen. The reaction mixture was allowed to stir at room 
temperature overnight. The reaction mixture was added dichloromethane (5 ml) and washed 
with 1 % hydrochloric acid (10 ml), dried (Na2S04). filtered and the organic phase evaporated 
in vacuo affording 0.25 g (100 %) of 2-(te/t-butoxyoxalyl-amino)-5-{S)-(1.3-dioxo-1,3-dihydro- 
isoindol-2-ylmethyl)-4,5,6,7-tetrahydro-thleno[2,3-c]pyridine-3.6-dicarboxylic acid di-fert-butyl 
ester. 

The above tri-terf-butyl ester (0.25 g, 0.39 mmol) was dissolved in 20 % trifluoroacetic 
acid in dichloromethane (5 ml). The reaction was stirred at room temperature for 24 hours 
before diethyl ether (5 ml) was added. The precipitate was filtered off, washed with diethyl 
ether, dried in vacuo to give 1 50 mg of a solid. NMR revealed the presence of a trace 
amount of material arising from Incomplete deprotection. 100 mg of the crude product was 
redissolved in 20 % trifluoroacetic add in dichloromethane (5 ml), and stirred at room tem- 
perature for 24 hours before diethyl ether (6 ml) was added. The product was filtered off and 
washed with diethyl ether and dried in vacuo to give 50 mg (40 %) of the title compound as a 
solid trifluoroacetate. 
M.p.: deo 240 °C 

Calculated for C19H15N3O7S, I/3XC2HF3O2. 0.SxHjO ; 
C, 49.58 %; H, 3.46 %; N. 8.82 %. Found: 
C, 49,84 %; H, 3.83 %; N, 8.99 %. 



EXAMPLE 4 




7-(1.3-Dioxo-1 .3-dihvdro-isoindol-2-vlmethvl)-2-(oxaM-gmino)-4.5.6.7-tetrahvdrD-thienor2.3- 
clPvridine-3-carboxvlic acid 

To a solution of pure 2-^mino-7^1,3KJioxo-1,3Hdihydro-lsbindol-2^ylmethy!H 
tetrahydro-thieno[2,3H:]pyridine73,6-dicarboxylic acid di-terf-butyl ester (28 mg, 0.057 mmol) 
in dichloromethane (2 ml) was added midazoH -yl-^xb-acetic add fert-butyl ester (35 mg/ 
0.17 mmol). The r action was placed under nitrogen and stirred for 12 hours at ambient tern- 
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perature. The volatiles were evaporated in vacuo and the residue was purified by silica gel 
chromatography using a mixture of ethyl acetate/ hexane (1 :3) as eluent. Pure fractions were 
collected and the solvent evaporated in vacuo affording 25 mg (67 %) of 2-(fe/t-butoxyoxalyl- 
amino)-7-{1,3-dioxo-1.3-dihydro-isoindoI-2-y!methyl)-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine- 
5 3,6-dicarboxylic acid di-terf-butyl ester as an oil. 

'H-NMR (400 MHz. CDCI3): 5 12.59-12.53 (bs. 1H). 7.89-7.84 (m. 2H), 7.75-7.67 (m, 
2H), 5,61-5.41 (m, 1H), 4,36-4.15 (m, 1H), 4.12-4.06 (m. 1H), 3.90-3.82 (m, 1H), 3.34-3.21 
(m. 1H). 2.99-2.93 (m, 1H). 2.84-2.68 (m, 1H), 1.62-1.59 (s. 18H). 1.12-1.06 (s, 9H). 

The above 2-(te/t-butoxyoxalyl-amino)-7-(1 ,3-dioxo-1 .3-dihydro-isolndoI-2-yImelhyl)- 
10 4,5,6,7-tetrahydro-thieno(2,3-c]pyridine-3,6-dicarboxylic acid di-fe/t-butyl ester (25 mg, 0.039 
mmol) was dissolved in a solution of 50 % trifluoroacetic acid/dtchloromethane (1.5 ml). The 
reaction was stirred at ambient temperature for 7 hours, concentrated m vacuo and the resi- 
due evaporated jn vacuo from dichloromethane (3x10 ml). The resulting precipitate was 
washed with dichloromethane, filtered off and dried In vacuo to give 41 mg (85 %) of the ijtle 
15 compound as a solid trifluoroacetate. 

'H-NMR (400 MHz, DMSO-de): 5 12.32 (s, 1H). 9.48 (bs, 2H), 7.95-7.91 (m, 2H), 
7.89-7.84 (m, 2H), 4.89 (s, IN), 4.15-4.07 (m, 2H), 3.43-3.28 (2m, 2H, partially obscured by 
water), 3.04 (bs, 2H). 
tC-iWS: Rt=1. 51 min, m/z: 428.4 [M-H]- 

20 

EXAMPLE 5 




5-(4-Hvdroxv^1.3-dioxo-1.3-d{hvdro-isoindol-2-vlmethviV2-(oxalvl-aminoM.5.6.7-tetrahvdro- , 
25 thtenof2.3-clDvrfdfne-3-carboxvlic add 

7-(1 .3-Dipxo-1 .3-dihydro-lsoindol-2-ylmethyl)-1,4-dioxa-8-aza-spiro[4.qdeca 
add fert-butyl ester (1 .55 g, 3.85 mmol) was cooled in an ice bath and then dissolved in a 
solution of 20 % trifluoroacetic add/dichloromethane (15 ml). The reaction was stined and 
30 allowed to slowly warm to airnbient temperature during 3 hours. The'solution was concentra- 
ted in vacuo to g ive crude 2-{1 ,4-dioxa-a-aza-spiro[4.5]dec-7-ylmethyI)isoindole-1 ,3-dione 
which was used directly in th following step (assumed 100 % yi Id). - : \ . ' 
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^H-NMR (400 MHz. CDCI3): 5 9.26 (bs. 1H). 8.19 (bs, 1H). 7.78-775 (m. 2H). 7.74- 
7.71 (m, 2H), 4.11-3.98 (m. 5H). 3.90-3.79 (m, 3H). 3.26-3.17 (m, 1H), 2.10-2.00 (m. 3H), 
1.92-1.88 (m. 1H). 

To a suspension of the above 2-(1.4-dioxa-8-aza-spirD[4.5]dec-7-ylmethyt)isoindole- 
1,3-dion8 (3.85 mmol) in absolute ethanol (25 ml) was added hydrazine (0.36 ml, 11.55 
mmol). The reaction was stirred at 80 (oil bath) for 6 hours, then cooled to ambient tempe- 
rature and stirred for an additional 12 hours. The thick precipitate was filtered off and washed 
with ethanol. The filtrate was concentrated in vacuo and reconstituted In dichloromethane (20 
ml), forming a small amount of a second precipitate, which was filtered off. The filtrate was 
evaporated m vacuo and the resulting oil was dissolved in water (10 mi) and basified with 1N 
sodium hydroxide until pH = 10. The aqueous layer was extracted with 20 % Isopropyl alco- 
hol/chloroform (12 X 40 ml). The combined organic extracts were dried (K2C03). filtered and 
the solvent evaporated in yaojo affording 0.42 g (63 %) of (1,4-dioxa-8-aza-splro[4.5]dec-7- 
yl)methylamine as an oil. 

'H-NMR (300 MHz. CDCI3): 6 3.94 (bs.4H). 3.11-3.05 (m, 1H), 2.81 (dt. 1H, J = 12 
Hz and J = 3 Hz), 2,76-2.65 (m, 2H), 2.58-2.50 (m. 1H), 1.70-1.57 (m, 3H), 1.31 (t. IH. J = 12 
Hz). 

>4PC/-MS: m/z: 173.2 [M+H]* 

To a solution of 4-hydroxy-isobenzofuran-1 ,3-dione (0.51 g, 3.09 mmol) in anhydrous 
N.N-dimethytfonnamide (7 ml) under nitrogen was added sodium hydride (130 mg, 3.25 
mmol). Immediate evolution of gas and bright yellow color was observed. The mixture was 
stirred for 5 minutes after which benzyl bromide (1.8 ml, 15.45 mmol) was added. The reac- 
tion was stirred for 72 hours. Saturated sodium bicarbonate (2 ml) was added and the mix- 
ture stirred for 2 minutes, diluted in ethyl acetate (35 ml) and washed vnth saturated sodium 
bicarbonate (5 ml), IN hydrochloric add (5 ml), arid brine (2x5 ml). The organic layer was 
dried (MgS04), filtered and the solvent evaporated in vacuo . To the crude material was ad- 
ded hexane and the fonmed precipitate was filtered off, washed further with hexane and dried 
in vacuo to give 0.54 g (69 %) of 4-(benzyioxyHsobenzofuran-1 ,3-dione as a solid. 
;'H-NMR (300 MHz. CDCI3): S 7.74 (t, IH, J = 8 Hz). 7.54 (d, IH. J = 8 Hz), 7.47-7.29 (m. 
6H), 5.36 (s, 2H). 

A solution of (1,4-dioxa-8-aza-spiro[4.5]dec-7-yl)methylamine (0.19 g. 1.1 mmol) and 
4-{benzyIoxy)-isobenzofuran-1 ,3-dione (0.27 g,. 1.05 rnmpl) was prepared in a mix^ 
distilled dichloromethane (3 ml) and anhydrous N.N-dimethytformamide (2.5 ml) under nitro- 
g n, 1-(3-dimethylaminopropyl)-3-ethylcarbodiinnid hydrochloride (0.23 g. 1.21 mmol) was 
added followed by triethylamin (0.46 ml, 3.3 mmol) and the reaction stirred at ambient tem^ 
perature for 18 hours! The solution was concentrated in vacuo and the residue diluted with 
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ethyl acetate (25 ml) and washed with water (5 ml), saturated sodium bicarbonate (5 ml), and 
brine (5 ml). The organic layer was evaporated in vacuo and the residue purified by silica gel 
chromatography using a mixture of 5 % methanol/dichloromethane/1 % Iriethytamine as 
eluent. Pure fractions were collected and the solvent evaporated ]n vacuo affording 0.22 g 
(50 %) of 4-benzyloxy-2-(1,4-dioxa-8-aza-sptro[4.5]dec-7-ylmethyl)-isoindole-1,3-dione as a 
semi-soiid. 

'H-NMR (400 MHz, CDCI3): 5 7.57 (t. 1H. J = 8 Hz). 7.48 (d, 2H. J = 7 Hz), 7.42-7.29 
(m, 4H), 7.18 (d, 1H. J = 8 Hz). 5.31 (s, 2H), 3.94-3.90 (m. 4H). 3.65 (d. 2H. J = 6 Hz). 3.16- 
3.09 (m, 1H). 3.07-3.02 (m, 1H). 2.76 (dt, 1H, J = 13 Hz and J = 3 Hz). 1.78 (d. 1H. J = 12 
Hz), 1.64-1.54 (m, 3H), 1.37 (1, 1H, J = 12 Hz), 1.08 (t. 1H. J = 7 Hz). 
LC-MS: Rt=2.59min.m/z:409[M+Hr 

To a solution of the above 4-ben2yloxy-2-(l ,4-dioxa:8-aza-spiro[4.5Idec-7-ylmethyl)- 
isoindole-1 ,3-dione (0.22 g, 0.54 mmol) In 1 ,4-dioxane (4 ml) was added 4N hydrochloric 
acid (4 ml) and the reaction stirred In a 65 °C (oil bath) for 6 hours. The mixture was basifled 
with saturated sodium bicarbonate until pH = 8 and extracted with dichloromethane (3 x 20 
ml). The combined organic extracts were dried (MgSO^). filtered, and the solvent evaporated 
in vacuo affording crude 4-t>enzyloxy-2-(4-oxo-piperidin-2-ylmethyt)-isoindole-1 ,3-dione as an 
oil. Which was used without further purification or characterization. 

The above crude 4-benzyloxy-2-(4-oxo-piperidin-2-ylmethyl)-isoindoIe-1 ,3-dione (0.17 
g. 0,47 mmol) was dissolved In dichloromethane (4 ml). Saturated sodium bicartronate (4 ml) 
was added followed by di-fe/f-butyl dicarbonate (0.11 g, 0.52 mmol). The reaction was stirred 
vigorously for 16 hours, and then the layers were separated. The aqueous layer was extrac- 
ted with dichloromethane (2x10 ml) and the combined organic phases were dried (MgSO^), 
filtered and the solvent evaporated in vacuo . The residue was purified by silica gel chroma- 
tography using a mixture of ethyl acetate/hexane (1:2) as eluent Pur© fractions were collec- 
ted and the solvent was evaporated in vacuo affording 0.14 g (64 %) of 2-(4-benzyloxy-1.3- 
dioxo-1 ,3-dihydro:isoindol-2-ylmethyl)-4-oxo-plperidine-1-carboxylic add ferf-butyl ester. 
^H-NMR (400 MHz, CDCI3): 5 7.57 (bs. 1H), 7.47-7.31 (m, 6H). 7.18 (bs. 1H), 5.34 (s, 2H), 
5.03 (bs. iH), 4.45-4.14 (m, iH), 3.89 (t, 1H, J = 12 Hz),.3.55 (bs, 2H), 2.76-Z71 (m. IN), 
2.57-2.38 {m,3H), 1.17 (S.9H). 

A solution of 2-(4-benzyloxy-1 ,3-dioxo-1 ,3-dihydro-lsoindol-2-ylmethyl)-4-oxoT 
piperidlne-1-cart)oxyilcacid fertrbutyi ester {0.14'g, 0.30 mmol), sulfur (10.6 mg. 0.33 mmol). 
and terf-butyl cyanoacetate (55 mg, 0.39 mmol) in absolute ethanol (4 ml) was stirred at 50 
**C (oil bath).. Morpholin (53 nl, 0.6 mmol) was added and the reaction placed under nitrogen 
and ^tin-ed for 1 6 hours. The solution was cooled to ambient temperature, concentrated in ' 
vacuo and th residue purified by silica gel chromatography using a gradient of ethyl aceta- . . ^ 
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te/dichloromethane (0 to 5 % gradient) as eluent. Pure fractions were collected and the sol- 
vent evaporated in vacuo affording a mixture of regioisomers 0.15 g (80 %) of 2-amino-5-(4- 
benzy!oxy-1 ,3-dioxo-1 ,3-dihydro-isoindol-2-ylmethyl)-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine- 
3,6-dicarboxylic acid di-terf-butyl ester and 2-amino-7-(4-benzyloxy-1,3-dioxo-1,3-dihydro- 
isoindol-2-ylmethyj)-4,5,6,7-tetrahydro-thieno[2,3-cJpyridine-3,6-dicarboxylicacid di-terf-butyl 
ester which were not separable by chromatography. 

To a solution of the above mixture of 2-amino-5-{4-benzyIoxy-1,3-dioxo-1 .3-dihydro- 
isoindol-2-ylmethyl)-4.5.6,7-tetrahydro-thieno[2,3-c]pyridine-3,6-dlcarboxyIic add di-tert-butyl 
ester and 2-amino-7-(4-benzyloxy-1 .3-dloxo-1 ,3-dihydro-lsoindol-2-ylmethyl)-4,5,6.7- 
tetrahydro-thieno[2.3-c]pyridine-3.6-dicarboxylic acid di-ferf-butyl ester (0.15g, 0.24 mmoi) in 
distilled dichloromethane (4 ml) under nitrogen was added imldazol-1-yl-oxo-acetic acid tert- 
butyl ester (0.14 g, 0.72 mmol) and the reaction mixture was stined at ambient temperature 
for 1.5 hour. The volatiles were evaporated in vacuo and the crude residue was purified by 
silica gel chromatography using dichloromethane as eluenL Pure fractions were collected 
and the solvent evaporated in vacuo affording 50 mg of 2-{ferf-butoxyoxaIyl-amino)-5-(4- 
benzyIoxy-1,3-dioxo-1,3-dihydro-isoindol-2-ylmethyl)-4.5,6.7-tetrahydro-thieno[2,3-c]pyridine- 
3,6-dicarboxylic add di-terf-butyl ester (A) and 50 mg of 2-{tert-butoxyoxaIyi-amino)-7-(4- 
benzyloxy-1,3-dioxo-1 .3-dihydro-isoindol-2-ylmethyl)-4.5,6,7-tetrahydro-thieno[2,3-c]pyridine- 
3,6-dtcarboxylic add di-te/t-butyl ester (B). Another 50 mg remained as a mixture of the two 
isomers (A) and (B). 

(A) : 

'H-NMR (300 MHz. CDCI3): 5 12.52 (s. 1H). 7.60-7.31 (nh. 7H). 7.20-7.10 (m. 1H), 5.33 (s. 
2H), 5.05-4.38 (m. 3H), 3.96-3.83 (m. 1H). 3.52-3.41 (m, 1H), 3.01 (bs, 2H). 1.60 (s, 9H). 
1.59 (s,9H). 1.17-1.14 (s,9H). 
LC-MS: Rr=4.93 min, m/r 748.1 [M+H]* 

(B) : 

'H-NMR (300 MHz. CDCI3): 5 1Z58-12.52 (s, 1H), 7.60-7,30 (m, 7H). 7.20-7.10 (m. 1H), 
5.60-5.39 (m. 1H), 5.34 (s, 2H), 4.36-4.02 (m. 2H). 3.86-3.75 (m. 1H). 3.33-3.18 (m, 1H), 
2.97-2.90 (m, 1H). Z83-2.68 (m. 1 H). 1.60 (s. 9H), 1.58-1.67 (s, 9H), 1.15-1.09 (s, 9H) 
/.C-A/fS: 'Rt=4.93min, m^- 748.1 [M+H]* 

Th abov 2-(tert-butoxyoxalyi-amino)-5-(4-benzyloxy-1.3-dioxo-1.3^ . 
ylmethyi)-4,5.6,7^t trahydr6-thienoI2.3-c]pyridine-3,6-dicartKDxylic acid di-tert-butyl ester (50 
mg. 0.067 mmol) vyas dissolved In a mixture of thy) acetate/ethanol (3 ml, 1:1). Palladium on 
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activated carbon (10 %. 10 mg) was added and the solution degassed and stired under hy- 
drogen (1 atm,) for 72 hours. TLC analysis indicated that the reaction was incomplete. The 
mixture was filtered through celite and the filter cake washed with hot ethyl acetate. The filt- 
rate was concentrated in vacuo and purified by silica gel chromatography using a gradient of 
5 ethyl acetate/dichloromethane (0 to 5 % gradient) as eluent. Pure fractions were collected 
and the solvent evaporated in vacuo affording 15 mg (30 %) of 2-(terf-butoxyoxalyl-amino)-5- 
(4-hydroxy-1 ,3-dioxo-1 ,3-dihydro-isoindol-2-ylmethyl)-4,5,6,7-tetrahydro-thieno[2,3- 
c]pyridine-3,6-dicarboxylic acid dl-fert-butyi ester. 

'H-NMR (300 MHz, CDCI3): 5 12.50 (s. 1H), 7.61-7.51 (m. 1H). 7.39-7.34 (m. 1H). 

10 7.17-7.09 (m, 1H), 5.04^.64 (nn, 2H), 4.49-4.34 (m, 1H). 3.90-3.78 (m. 1H), 3.51-3.42 (m. 
1H), 3.02 (bs, 2H), 1.60 (s, 18H), 1.17-1.14 (2s, 9H). 

The above 2-(te/f-butoxyoxalyl-amino)-5-(4-hydroxy-1 ,3-dioxo-1 ,3-dihydro-isoindol-2- 
ylmethyl)-4,5,6,7-letrahydro-thieno[2,3-c]pyridine-3,6-dicarboxylic add di-fer/-butyl ester (15 
mg, 0.023 mmol) was dissolved in a solution of 50 % trifluoroacetic acid/dichloromethane (2 

15 ml). The reaction was stinred at ambient temperature for 12 hours, concentrated jn vacuo and 
evaporated in vacuo from dichloromethane (3x10 ml). The resulting predpitate was washed 
with dichloromethane and dried in vacuo affording 6 mg (47 %) of the tit|e compound as a 
solid trifluoroacetate. 

'H-NMR (400 MHz. DMSO-de): 6 12.32 (s, 1H), 1 1.17 (s, 1H), 9.25 (bs, 2H). 7.64 (t, 
20 1 H, J = 8 Hz), 7.32 (d, 1 H. J = 8 Hz). 7.24 (d. 1 H. J = 6 Hz), 4.41 -4,23 (m, 2H), 3,96-3.71 (m. 
3H). 3.5-3.2 (obscured by water, 1H), 2.83-2.75 (m, 1H). 
LC-/WS: Rt=1.53min, m/z: 446.2 [M+H]* 

25 EXAMPLE 6 




7-f4-Hvdroxv-1.3-dloxo-1.3^ihvdro^soindol-2-vlmethvlV2-(oxalvl-amlnoM.5.6J-tetrahvdro^ 
, thienor2.3-c]pvridine-3-cart30Xvlic add 

2-{ter^Bubxyoxatyl-amino)-7-(4-behzyIoxy-1,3-dioxo-1,3-dihydro-isoin 
. 30 4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-^'3,6-dicarboxylic add di-fe/f-butyl ester (50 mg. 0.067 . 
mmol) was dissolved In a mixture of ethyl acetate/ethanol (3 mL. 1:1): Palladium on activated . 
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carbon (10%, 10 mg) was added and the solution degassed and stirred under hydrogen (1 
atm) for 72 hours. The mixture was filtered through celite and the filter cake washed with hot 
ethyl acetate. The filtrate was concentrated in vacuo and the residue purified by silica gel 
chromatography (10% ethyl acetate/dichloromethane) to obtain 42 mg (95%) of 2-(terf- 
butoxyoxalyl-amino)-7-(4-hydroxy-1,3-dioxo-1,3-dihydro-lsoindol-2-ylmethyl)-4.5,6,7- 
tetrahydro-thieno[2.3-c]pyridine-3,6-dicarboxylic add di-tert-butyl ester as an oil. 
'H-NMR (400 MHz. CDCy 6 12.59-12.53 (2s, 1H), 7.64-7.53 (m. 1H). 7.42-7.36 (m. 1H). 
7.19-7.11 (m, 1H). 5.58-5.37 (m, 1H), 4.37-4.00 (m, 2H). 3.86-3.78 (m, 1H). 3.32-3.18 (m. 
1H). 2.99-2.94 (m, 1H). 2.84-2.69 (m. 1H). 1.62-1.59 (3s. 18H). 1.17-1.11 (2s. 9H); 
LC-MS: Rt = 4.55 min. m/z: 658 [M+H]*, 

2-(terf-Butoxyoxalyl-amlno)-7-(4-hydroxy-1 , 3-dioxo-1 .3-dihydro-IsoindoI-2-ylmethyl)- 
4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3,6-dicarboxylic acid di-terf-butyl ester (42 mg, 0.064 
mmol) was dissolved In a solution of 50% trifluoroacetic acid/methylene chloride (3 mL). The 
reaction was stirred at ambient temperature for 7 hours, concentrated in vacuo and evapo- 
rated from dichloromethane (10 ml) three limes. The resulting precipitate was washed with 
dichloromethane and dried in vacuo to give 29 mg (81 %) of the title compound as a solid 
trifluoroacetate. 

^H-NMR (400 MHz..DMSO-da) 5 12.32 (bs. 1H), 11.26 (s. 1H), 9.30 (bs, 2H), 7.64 (t. 1H. J = 
7 Hz). 7.33 (d. 1H, J = 7 Hz). 7.25 (d, 1H. J=: 7 Hz). 4.84 (s. 1H). 4.06-3.96 (m, 2H). 3.56 (m. 
2H), 3.05 (bs, 2H), 

LOMS: Rt = 1 .26 min. m/z: 446 [M+H]*, 



EXAMPLE 7 




2-^Oxalvl-aminoV5-fSW1-oxo-1.3-dihvdro-isoindol-2-vlmethvlM.5.6.7-tetrahvdrG^thien 
clpvridine-3-carbdxvlic add 

2-Methyl-benzoic acid methyl ester (1.50 g 10 mmol), N-brorho-succlnimide (1 .96 g, 11 
mmol) and 2,2-azbbis(2-methyl-propionitril ) (AlBN) (25 mg, 0.15 mmol) we're dissolved in : 
chloroform (3 ml). Th solution was heated at reflux for 16 hours cool d and the solvent eva- 
porated in vacuo . Th residue was purifi d by silica ge! chromatography using a gradiient of 
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ethyl acetate/hexane (1-2 %) as eluent. Pure fractions were. collected and the solvent evapo- 
rated in vacuo affording 2.05 g (89 %) of 2-bromomethyl-benzolc acid methyl ester as a solid. 
'H-NMR (CDCI3): 6 7.97 (d, 1 H. J = 7.6 Hz), 7.45-7.52 (m. 2H), 7.38 (dt. 1 H, J = 1 .2 Hz and J 
= 7.6 Hz). 4.96 (s. 2H), 3.95 (s. 1H). 
5 To a solution of 2-amino-5-(S)-(1 ,3-dioxo-1 .3-dihydro-isoindoI-2-ylmethyl)-4,5,6,7- 

tetrahydro-thieno[2,3-c]pyridine-3.6-dicarboxylic acid di-terf-butyl ester (100 mg, 0.20 mmol) 
and pyridine (0.18 ml, 2.0 mmol) in acetonitrile (1 ml) at room temperature was added benzyl 
chlorofomiate (0.28 ml, 2.0 mmol) In 10 aliquots over 48 hours. The solution was then taken 
into ethyl acetate (30 ml), washed with 0.5 N hydrochloric acid (3x10 ml), saturated sodium 

10 bicarbonate (3x10 ml), brine (10 ml), dried (MgS04)and filtered. The solvent was evapora- 
ted in vacuo. The resulting oil crystallized upon standing for 2 days. The precipitate was filte- 
red off and washed with diethyl ether (3x1 ml) affording after drying Iq vacuo 59 mg (47 %) 
of 2-benzyloxy-carbonylamlno-5-(S)-(1 ,3-dioxo-1 ,3-dihydro-isoindol-2-ylmethyl)-4,5,6,7- 
tetrahydro-thieno[2,3-c]pyridine-3,6-dicart)oxylic add di-te/f-butyl ester as a solid. 

16 ^H-NMR (CDCIa): 5 10.60 (s, 1H), 7.60-7.92 (m, 4H), 7.38 (m, 5H). 5.26 (s. 2H). 4.30-5.10 
(m, 3H), 3.40^.00 (m, 2H). 1.57 (m, 9H). 1.15 (m, 9H). 

To a solution of 1 N hydrochloric acid in ethyl acetate (1 .0 ml) was added 2- 
benzytoxy-carbonylamino-5-(S)-(1.3-dioxo-1 ,3-dihydro-isoindoI-2-ylmethyl)-4, 5,6,7- 
tetrahydro-thieno[2,3-c]pyridine-3,6-dicari30xylic add dl-/e/f-butyl ester (52 mg, 0.08 mmol). 

20 The solution was stirred at room temperature for 48 hours. A predpitate was filtered off which 
afforded 42 mg (90 %) of 2-ben2yloxy-carbonylamino-5-(S)-(1 ,3-dioxo-1 ,3-dihydro-isoindol-2- 
ylmethyI>4,5,6,7-tetrahydra-thieno[2.3-c]pyridine-3-carboxyIic add fert-butyl ester hydrochlo- 
ride as a solid. 

'H-NMR (DMSO-de): 5 10.45 (s, 1H), 9.40 (s. 1H), 9.25 (s. 1H). 7.89 (m, 4H), 7.39 (m, 
25 5H). 5.22 (s, 2H). 4.39 (d, 1H;\/= 15 Hz), 4^28 (m, IN), 3.95 (m, 2H), 3.79 (m. 1H), 3.20 (m, 
1H),2.70(m.1H), 1.48(5. 9H). 

To a sol ution of the above 2-benzyloxy-carit)onylaminoH6-(S)-(1 ,3-dioxo-1 ,3-dihydro- 
isoindol-2-ylmethyl)-4,5,6,7-tetrahydro-thieno[2,3-cIpyridine-3-carboxyiic add te/f-butyl ester 
hydrochloride (42 mg, 0.072 mnrol) in ethanol (0,5 ml) was added hydrazine (68 p\, 0.22 
30 mmol). The solution was stirred at 80 °C for 5 hours and at room temperature for 16 hours. 
The mixture was filtered and the filtrate evaporated iQ vacuo . The residue was extracted with 
dichforomethane (5 x 1 ml). The combined dichloromethane washes were evapoi^ted in ya^ 
cuo affording 20 mg (67 %) of 5-(S>aminomethyl-2-benzyloxy-carbonylamino-4,5,6,7- 
tetrahydro-thieno[2.3-c]pyridine-3-carboxyIlc add tef/-butyl ester as an oil. ^ ^ : , 
35 ^H-NMR (CDCIaj: 5 10.55 (bs. 1H). 7.37 (m, 5H), 5.23 (s. 2H); 3.92 (s. 2H), 2.60-3:10 (m, 
3H). 1.53 (s,9H). . • . 
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To a solution of the above 5-(S)-aminomethyl-2-benzyloxy-carbony!amino-4,5,6,7- 
tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add tert-buty] ester (20 mg, 0.048 mmol) in ace- 
tonitrile (1 ml) at 0 was added diisopropylethylamine (18 I, 0.15 mmol) and 2- 
bromomethyl-benzoic acid methyl (12 mg, 0.048 mmol). The solution was stirred at 0 °C for 3 
hours and at room temperature for 16 hours. Di-tert-butyl dicarbonate (21 mg, 0.096 mmol) 
was then added to the solution. The solution was then stirred at room temperature for 16 
hours. The solution was taken into ethyl acetate (30 ml), washed with 0.5 N hydrochloric acid 
(3x10 ml), saturated sodium bicarbonate (3x10 ml) and brine (10 ml), dried (MgS04)and 
filtered. The solvent was evaporated in vacuo. The solid residue was purified by silica gel 
chromatography using a 5 % mixture of ethyl acetate/hexane as eluent. Pure fractions were 
collected and the solvent evaporated in vacuo affording 10 mg (33 %) of 2-(ben2yloxy- 
carbonylamino)-5-(S)-(1 -0X0-1 ,3-dihydro-iSGindol-2-ylmethyl)-4,5.6,7-tetrahydro-thieno[2 ,3- 
c]pyridine-3,6-dicarboxylic add dMe/t-butyl ester as a solid. 

'H-Niy/IR (CDCI3): 5 10.59 (s. 1H). 7.81 (m, 1H). 7.52 (m, 1H). 7.39 (m. 7H), 5.25 (s. 1H). 
4.22-5.00 (m, 4H), 4.40^.80 (m. 2H), 2.80-3.10 (m, 2H), 1.55 (s, gH), 1.25 (s, 9H). 

To a solution of the above 2-ben2yIoxycarbonylamino-5-(S)-(l-oxo-1,3-dihydro- 
lsoindol-2-ylmethyl)-4.5,6,7-tetrahydro-thieno[2,3-c]pyridine-3.6-dicarboxylic add di-/ert-butyl 
ester (9 mg, 0.014 mmol) in methanol (2 ml) was added 10 % Pd/C (4 mg). The mixture was 
stiri'ed under hydrogen (1 atm.) for 3 hours and then filtered. The filtrate was evaporated in 
vacuo affording 6 mg (93 %) of 2-amino-5-{S)-{1-oxo-1,3-dlhydro-isoindol-2-ylmethyl)- 
4.5,6.7-tetrahydro-thieno[2.3-c]pyridine-3,6-dicart)OxyIic add di-terf-butyl ester as a solid. 
^H-NMR (CDCI3): 8 7.80 (m, 1H). 7.50 (m, 1H), 7.44 (m. 2H), 4.22-5.00 {m, 4H), 4.40-4.80 
(m, 2H). 2.80-3. 1 0 (m. 2H), 1 .63 (s, 9H), 1 .25 (s, 9H). 

To a solution of the above 2namino-5-(S)-(1-oxo-1 ,3-dihydro-isoindol-2-ylmethyl)- 
4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3.6-dicarboxylic add di-ferf-butyi ester (6 mg, 0.013 
mmol) in acetonitrile (0.5 ml) at room temperature was added imidazol-1-yl-oxo-acetic acid 
ferf-butyl ester (27 mg. 0.13 mmpi). The solution was stirred for 3 hours at room temperature 
and then diluted with ethyl acetate (20 ml), washed with 0.5 N hydrochloric add (2 x 5 ml), 
saturated sodium bicarbonate (2x5 ml), brine (5 ml), dried (MgS04)and filtered. The solvent 
was evaporated in vacuo . The residue was purified by silica gel chromatography using a 
gradient of ethyl acetate/hexane (1 0-25 % gradient) as eluent Pure fractions were collected 
and the soh/ent evaporated in vaojo affording 4 mg (50 %) of 2-(fG/f-butoxyoxalyl-amino)-5- 
(S}-(1-oxo-1,3-dihydra-isoindoI-2-ylmethyl)-4,5,6,7-tetrahydrp-thieno[2,3-c]^ 
dicarboxylic add dl-tert-butyl stei^ as a solid. 

'H-NMR(CDa3):51Z49(s,1H), 7:80 (m. lH), 7.50 (m, 1H), 7,44 (m, 2H). 4.22-5,00 " 
(m, 4H), 4.20^.90 (m, 2H), 2.90-3.20 (m- 2H). i.63 (s, 9H), 1.60 (s, 9H), 1.25 (s, gH). 
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To a solution of trifluoroacetic acid/dichloromethane (0.5 ml, 1:1) at room temperature 
was added the above 2-{te/t-butoxyoxalyl-amino)-5-(S)-(1 -oxo-1 ,3-dihydro-jsoindoI-2- 
ylmethyl)-4,5,6,7-letrahydro-thieno[2,3-c]pyridine-3,6<iicarboxylic acid di-tert-butyl ester (4 
mg, 0.006 mmol). The solution was stirred for 3 hours. The solvent was removed in vacuo . 
The residue was washed with dichloromethane affording in quantitative yield the title com- 
pound as a solid trifluoroacetate. 

^H-NMR (DMSO-da): 5 12.32 (s, 1H), 4,62 (s, 1H). 4.12 (m, 1H). 3.62-3.78 (m, 2H). 
3.40-3.52 (m, 1H). 2.83 (m, 2H). 
MS:m/z:416[M+Hr. 

EXAMPLE 8 




OH 

5-(4-Hvdro?cv-1-oxo-1,3-dihvdn>lsoindol-2"VlfT]ethvlV-2-toxalvl-amino)-4.5.6.7-tetrahvdro- 
thienor2.3-clDvridine-3-carboxvlic add 

Acetyl chloride (5.4 ml, 5.96 g, 76 mmol) was added dropwise to methanol (15 ml) at 0 °C in 
a sealed 50 ml round-bottom flask. This solution was allowed to warm to room temperature 
for 1 hour while stirring. To this solution 3-hydroxy-2-methyl-ben2oic acid (519 mg» 3.4 mmol) 
was added and the solution was stirred at room temperature for 42 hours. The reaction was 
quenched with saturated aqueous sodium bicarbonate and solid sodium bicarbonate. The 
volatlles were removed in vacuo and the basic aqueous solution was then extracted with 
dichloromethane (4 x40 ml). The combined organic extracts were dried (MgS04), filtered, 
and the solvent evaporated in vacuo affording 493 mg (87 %) of 3-hydroxy-2-methyl-benzoic 
add methyl ester as a solid. 

^H-NMR (300 MHz, CDCI3): 6 7,43 (d, 1 H. J = 9 Hz). 7.12 (t, 1 H, J = 8 Hz), 6.95 (d, 
"1H. J = 8 Hz), 5.05 (bs, 1H), 3.90 (s. 3H), 2.47 (s, 3H). 

To a solution of the above methyl ester (256 mg, 1.54 mmol) and N.N- 
diisopropylethylamine (530 ^J, 3.0 mmol) in dichloromethane (8 ml) at 0 '^C methyloxymethyl 
■. chloride (175 pi, 2.3 mmol) was added dropwise. The solution was allowed slowly to warm to 
room temperature arid stired for 24 hours. The solution was diluted with dichloromethane (12 
rnl). wash d with water, (20 mi),. brine (20 mi), dried (MgSO^), filtered, and concentrated in 
vacuo . The resulting oil was purified by silica g I chromatography using a mixture of hexa- 
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nes/ethyl acetate (4:1) as eluent. which afforded 269 mg (85 %) of 3-methoxymethoxy-2- 
methyl-benzoic acid methyl ester as an oil. 

^H-NMR (300 MHz, CDCI3): 5 7.48 (d. 1H, J = 8 Hz), 7.24-7.15 (m. 2H). 5.22 (s, 2H). 
3.90 (s, 3H). 3.50 (s. 3H). 2.47 (s. 3H). 

In a 25 nnl round-bottom flask. N-bromo sucdnimide (236 mg, 1 .3 mmol) and azo- 
bis(cyc!ohexanecarbonitriIe) (33 mg, 0.14 mmol) were added to a solution of 3- 
methoxymetho)cy-2-methyl-ben20ic acid methyl ester (265 mg, 1.26 mmol) in carbon tetrach- 
loride (6.5 ml). The reaction was heated to reflux with stimng for 3.5 hours. The volatiles we- 
re removed in vacuo and the residue purified by silica gel chromatography using a mixture of 
hexanes/ethyl acetate (9:1) as eluent. which afforded 364 mg (100 %) of 2-bromomethyl-3- 
methoxymethoxy-benzoic acid methyl ester as a solid. 

^H-NMR (300 MHz, CDCI3): 5 7.55 (dd, 1H. J = 6,3 Hz). 7,29 (d, 2H, J = 3 Hz), 5.27 (s. 2H), 
5.05 (s. 2H). 3.91 (s. 3H). 3.50 (s, 3H). 

In a 100 ml round-bottom flask. 2-amino-5-aminomethyl-6-(4-methoxy-benzyl)- 
4.5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxyIic acid tert-butyl ester (298 mg, 0.74 mmol) 
and N,N-diisopropylethylaniine (195 1.12 mmol) were dissolved in acetonitrile (40 ml). 2- 
Bromomethyl-3-methoxymethoxy-benzoic acid methyl ester (193 mg. 0.67 mmol) In aceto- 
nitrile (5 ml) was slowly added to the amine solution via gastight syringe over 24 hours, follo- 
wed by stirring at room temperature for an additional 36 hours. The solution was concentra- 
ted in vacuo, the residue redissojved in ethyl acetate (25 ml), and washed with saturated 
aqueous sodium bicaribonate (25 ml) and brine (25 ml). The organic phase was dried 
(MgS04). filtered, and the solvent evaporated m vacuo . The residue was purified by silica gel 
chromatography using a mixture of hexanes/ethyl acetate (1 :1) as eluent, which afforded 345 
mg (81 %) of 2-amino-6-{4-methoxy-benzyl)-5-(4-methoxymethoxy-1 -0x0-1 .3-dihydro- 
isoindol-2-ylmethyl)-4,5,6,7-tetrahydro[2,3-c]pyridine-3-carboxylic add terf-butyl ester as a 
solid. 

^H-NMR (300 MHz, CDCy: 6 7.67 (d, 1 H, J = 8 Hz), 7.57-7.38 (m, 5H), 7.14 (d, 2H. J 
= 8 Hz). 6.96 (m. 2H), 6.77 (d. 2H. J = 9 Hz), 6.20 (d, 2H, J = 6 Hz). 5.96 (s. 2H). 4.69-2.58 
(m, 17H), 1.55(s.9H). 

In a,50 ml round-bottom flask a solution of 2-amino-6-(4-methoxy-benzyl)-5K4- 
methoxymethpxy-1-oxo-1,3-dihydroHsoindoN2-ylmethyl)-4,5,6J-tetrahydro[2.3-c]pyridine^^ 
: cartioxyflc add ferf-butyl ester (338 mg. 0;58 mmol) in dichloromethane (20 ml) was treated 
with imidazol-1-yl-ox6-acetic add terf-butyi ester (575 mg, Z9 mmol). After stimng for 18 
hours at room temperature, the mbcture was concentrated to dryness in vacuo . Th residue, 
was purified by silica g I chronnatbgraphy using a mixture of h xaries/ethyl acetat (1 :1) as 
eluent, whidi afforded 310 mg (75 %) of 2-(tert-ButoxyoxalyI-amino)-6-(4-methoxy-benzyl)-5- 
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(4-methoxymethoxy-1-oxo-1.3-dihydro-isoindoI-2-yImethyl)-4,5,6,7-tetrahydro-thieno[2,3- 
c]pyridine-3-carboxyIic acid fert-butyl ester as a solid. . 

'H-NMR (300 MHz. CDCI3): 5 12.57 (s, 1H). 7.53 (d, 1H..J = 8 Hz). 7.43 (t, 1H, J = 8 Hz). 
7.26 (d. 1H. J = 8 Hz). 7.13 (d, 2H. J = 9 Hz), 6.78 (d. 2H, J = 9 Hz), 5.28 (s, 2H), 4.47 (q, 
5 2H, J = 18 Hz). 4.02-3.44 (m, 11 H). 2.97 (dd, 1H. J = 18 Hzand J = 5 Hz). 2.76 (dd, 1H, J = 
17 Hz and J = 5 Hz), 1 .63 {s, 9H). 1 .59 (s, 9H). 

10 % Pd/C (145 mg, 50 % by weight) was added to a mixture of 2-(tert-butoxyoxalyl- 
amino)-6-(4-methoxy-benzyI)-5-(4-metlioxymethcxy-1-oxo-1,3-dihydro-isolndol-2-ylmethyl}- 
4,5.6,7-tetrahydro-thieno[2.3-c]pyridine-3-carboxylic acid ferf-butyl ester (283 mg, 0.40 mmol) 
10 in 10 % formic acid and methanol (10 ml). After stirring at room temperature for 18 hours, 
more Pd/C (141 mg, 50 % by weight) was added to the reaction mixture. After stirring at 
^ room temperature for an additional 20 hours* the catalyst was removed via fitration through 
celrte. Fresh Pd/C (255 mg) and ammonium formate (1 .0 g) were added to the residue (253 
mg. 0.36 mmol) dissolved in 10 % formic acid In methanol (10 ml). The solution was heated 
15 to 40 **C for 48 hours. Catalyst was removed via filtration through celite and liberal washing 
with methanol. Purification by chromatotron (ethyl acetate/triethylamine (99:1)) afforded 63 
mg (27 %) of 2-(te/t-butoxyoxalyl-amino)-5-(4-methoxymethoxy-1-oxo-1 ,3-dlhydro-isoindol-2- 
ylmethyl)-4,5,6,7-tetrahydro-lhieno[2,3-c]pyridine-3-carboxyIic acid terf-butyl ester A and 46 
mg (19 %) of 2-(terf-butoxyoxa!yl-amino)-5-(4-methoxymethoxy-1-oxo-1,3-dihydro-isoindol-2- 
20 ylmethyl)-6-methyl-4,5.6,7-tetrahydro-thieno[2.3-c]pyridine-3-cariboxylic acid tert-butyl ester 
■ B. • 

A: 'H-NMR (300 MHz, CDCI3): 6 12.54 (s, 1 H). 7.50 (d, 1 H. J = 8 Hz). 7.41 (t. 1 H. J = 8 Hz). 
7.25 (d, 1H. J = 8 Hz). 5.27 (s. 2H), 4.52 (dd, 2H, J = 30 Hz and J = 19 Hz), 4.08-3.90 (m, 
25 2H). 3.815-3.67 (m, 2H). 3.51 (s, 3H), 3.27 (m, 1H)» 2,99 (dd. IN. J = 18 Hz and J = 4 Hz). 
2.53 (dd, 1 H. J =1 8 Hz and J = 1 1 Hz), 1 .61 (s. 9H), 1 .53 (s. 9H). 
LC-MS (APCI*) m/z: 588 [M+H]*; R« = 1.32 min. 

B: ^H-NMR (300 MHz. CDCI3): 6 12.56 (s, 1 H), 7.50 (d. 1 H, J = 7 Hz), 7.41 (t, 1H, J = 8 Hz), 
30 7.25 (d, 1H. J = 8 Hz), 5,27 (s,2H), 4.50 (dd, J = 28 Hzand J = 18 Hz). 3.93-3.68 (m, 4H). - 
3.51 (s, 1H), 3.51 (s. 3H). 3.31 (m, 1H), 2.88 (dd, 1H. J = 18 Hzand J =4 Hz). 2.68 (dd, 1H, 
. J =1 9 Hz and J = 9 Hz). 2.46 (s, 3H). 1.6 1 (s, 9H). 1 .54 (s. 9H). 
. LC-MS (APCr) m/r 602 [M+H]*; Rt = 1,35 min. . 



:35 



2-(terf-ButoxyoxalyI-amino)-5-(4;m thoxym thoxy-1-oxo-1.3-dihydroHsoindol-2-ylmethyl)- 
4,5,6,7-tetrahydro-thieno[2,3-c]pyridin -3-carboxylic add te/t-tutyl ester A (63 mg, 0. 1 1 
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mmol) was dissolved in 30 % trifluoroacetic acid In dichloromethane (4 ml). The solution was 
left open to the atmosphere without stirring. After 24 hours the precipitate was filtered off and 
washed with diethyl ether, affording 57 mg (90 %) of the title compound as a solid trifluoroa- 
cetate, 

'H-NMR (300 MHz. DMSO-de): 5 12.30 (s, 1H). 10.17 (s. 1H). 9.23 (s, 2H. J = 5 Hz 
and J = 7 Hz), 7.34 (t, 1H, J = 6 Hz)» 7.19 (d. 1H, J = 5 Hz). 7.03 (d, 1H. J = 6 Hz), 5.76 (s, 
2H). 4.53 (d. 1H. J = 13 Hz). 4.43-4.22 (m. 3H), 4.07 (m. 1H), 3.91 {m. 1H). 3.70 (m, 1H), 
3.10 {m, 1H), 2.82 (dd, IH. J = 14 Hz and J = 8 Hz). 



EXAMPLE 9 




5-(4-Hvdroxv-1-oxo-1.3-dlhvdro-isoindol-2-vlmethvlV-6-methvl-2-foxalvl-aminoM.5 
tetrahvdro-thienof2.3-clDvridine-3-carboxvlic acid 

The above 2-(te/t-butoxyoxalyf-amino)-5-{4HTiethpxymethoxy-1<txo-1,3<lihydro-isoindol^ 
yImethyl)-6-nriethyM,5,6,7rtetrahydro-thieno[2,3-c]pyridine-3-carbo)c^ add terf-butyl ester B 
(46 mg, 0.08 mmol) vras dissolved in 30 % trifluoroacetic acid in dichloromethane (4 ml). The 
solution was left open to the atmosphere without stining. After 24 hours the precipitate was 
filtered off and washed with diethyl ether, affording 41 mg (90 %) of the title compound as a 
solid trifiuoroacetate. 

^H-NMR (400 MHz, CDCI3): 5 12.39 (s, IH), 10.19 (s. IH), 10.10 (s, IH), 7.32 (t, IH. 
J_= 7.6 Hz), 7.17 (d. lH, J = 7.2 Hz), 7.02 (t. IH. J = 7,2 Hz), 4.55 (d, 2H. J = 15 Hz). 4.{M.5 
(m, 4H), Z95-3.70 (m, 5H), 2.85 (s, 3H). 
LC-MS (APCr) m/z: 446 [M+H]*; R, = 1,02 min. 



EXAMPLE 10 
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5-(M . 1 -Pioxo-1 ti-benzofd1isothiazol-3-vtaminolmethvl)-2-(oxalvf-amino)-4.5.6.7-tetrahvdro- 
thienof2.3-clPvridine-3-carboxvlic add 

Saccharin (8.8 g, 48 mmol) and phosphorous pentachloridie (15 g, 72 mmol) were added 
neat to a round bottom flask equipped with a short path distillation column. The mixture was 
heated to 175 '^C. After approximately 0.5 hour, phosphorous oxychloride slowly distilled off. 
Upon completion of the reaction, the mixture was cooled and the resultant solid recrystatlized 
from benzene affording 3.6 g (37 %) of 3-chloro-benzo[d]isothiazole 1,1 -dioxide as a solid. 
^H-NMR (CDCI3): 5 7.92 (d. 1H. J = 6.9 Hz). 7.8 (m, 3H). 

To a solution of 2-amino-5-aminomethyl-6-(4-methoxy-benzyl)-4.5,6.7-tetrahydro- 
thieno[2,3<]pyridine-3-carboxylic acid te/f-butyl ester (155 mg, 0.384 mmol) and triethylami- 
ne (59 pi, 0.423 mmoi) in dichloromethane (2 ml) at 0 °C. was added a solution of 3-chloro- 
benzo[dlisothiazole 1,1 -dioxide (85.2 mg, 0.423 mmol) in dichloromethane (2 ml). The reac- 
tion mixture was stirred at 0 for 1 hour. The reaction was judged complete by tic (dichloro- 
methane/ethyl acetate (1:1)). The reaction mixture was washed with water (3 x 20 ml), dried 
(MgS04), filtered and the solvent evaporated in vacuo . The crude residue was subjected to 
flash chromatography using a gradient from 100 % dichloromethane to dichlorometha- 
ne/ethyf acetate (80/20) as eluent, which affonJed 200 mg (92 %) of 2-amino-5-((1.1-dioxo- 
1H-^3enzo[d]isothiazol-3-ylamlno)methyl)-6-{4-methoxy-benzyl)-4,5,6,7-tetrahydro-thien 
c]pyridine-3-carboxylic add terf-butyl ester as a foam. 

'H-NMR (CD3OD): 6 7.99 (m. 1H), 7.87 (m, 1H), 7.79 (m. 2H). 7.19 (d. 2H. J = 8.4 
Hz), 6.75 (d, 2H. J = 8.7 Hz), 3.88-3:79 (m, 2H), 3.75-3.59 (m, 3H}, 3.69 (s. 3H), 3.52-3.46 
(m, 2H). 2.84 (dd. 1 H. J = 15.3 Hz and J = 5.4 Hz), 2.68 (dd, J = 1 8 Hz and J = 4.5 Hz). 1 .46 
(s, 9H). 

LC-MS: R, = 2.83. m/zr 569 [iVI+H]* 

To a solution of 2^amino-5-(( 1 , 1 -dioxo-1 H-benzo[d]isothiazol-3-yiamino)-methyl)-6-(4- 
,methoxy-benzyl)-4.5,6,7-tetrahydrc>-thieno[2,3-c]pyridine-3-carboxylic add terf-butyl ester 
(129 mg, 0.227 mmol) in tetrahydrofuran (3 ml) was added imfdazoM-yl-oxo-acetic add fert- 
butyt ester (1 .1 ml, 1 .1 mmol, 1 M in tetrahydrofuran). The reaction mixture was stirred at 
room temperature for 18 hours. The reaction mixture was concenlrated In vacuo and the re- 
sidue subjected to flash chromtography using a mixture of ethyl acetate/dichloromethane 
(1 0:90) as eluent,' which afforded 1 42 mg (90%) of 2-(terf-butoxyoxalyl-amino)-5-((1 . 1 -dioxch 
1H-beri2o[d]isothiazo!-3-yIamino)methyl)-6-(4^methoxy-benzyl)^ 
c]pyridine-3-cart>oxylic add fert-butyl ester as an oil. 

'H-NMR (CDCI3): 5 7.92 (d, 1H, J = 6.3 Hz), 7.73 (m, 2H). 7.56 (d, IH, J = 5.7 Hz), 
7.20 (d. 2H. J = 6:3 Hz), 7.05 (bs, 1 H), 6.87 (d, 2H. J = 6.6 Hz). 3:91 (m, 2H). 3.82-3.72 (m; 
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2H), 3.79 (s. 3H), 3.61-3.49 (m. 2H), 3.44 (m, 1H), 3.11 (dd, 1H. J = 15 Hz and J = 3.6 Hz), 
2.72 (dd. 1H. J= 12 Hz and J = 4.2 Hz). 1.63 (s, 18H); 
LC-MS: R,-3.48, m/z: 697 [M+H]* 

2-(rert-Butoxyoxalyl-amino)-5-((1 , 1 -dioxo-1 H-benzo[d]isothiazol-3-ylamino)-methyl)-6- 
(4-methoxy-benzyl)-4.5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic acid fert-butyl ester 
(120 mg, 0.172 mmol) was dissolved in a mixture of ethanol (4 ml) and formic acid (0.5 ml). 
10 % Pd-C (20 mg) was added and the reaction mixture stinred at ambient temperature for 4 
days (after the second day, 150 mg of additional 10 % Pd-C was added). The reaction mix- 
ture was filtered through celite and the celite washed with dichloromethane. The organic frac- 
tions were combined and concentrated in vacuo . The resultant oil was subjected to prepara- 
tive thin layer chromatography (dichloromethane/methanol (95:5)), which afforded 17 mg (17 
%)of 2-(tert-butoxyoxalyl-amino)-5-((1.1-dioxo-1H-benzo[d]isothiazol-3-ylamino)-methyl)- 
4,5,6,7-tetrahydro-thieno[2.3-cJpyridine-3-carboxyIic add te/t-butyl ester as a solid. 
'H-NMR (CDCy: 5 7,91 (m. 1H). 7.72 (m. 3H), 7.34 (bs, 1H). 4.16^.08 (m, 1H), 4.07 (dd. 
2H, J = 36.3 Hz and J = 8.7 Hz). 3.38-3.30 (m, 1H), 3.22-3.06 (m. 2H), 2.51 (dd, 1H, J = 16.8 
Hz and J = 9.9 Hz), 1 .61 (s, 1 8H). 

2-(te/f-Butoxyoxalyt-^mino)-5-((1 ,1^ioxo-1 H-benzo[d]isothiazol-3-ylamino)-methyl)- 
4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3^rboxylic add terf-butyl ester (15 mg. 0.026 mmol) 
was dissolved in a solution of 50 % trifluoroacetic add/didiloromethane (3 ml). The reaction 
mixture was stin^ at ambient temperature for 18 hours, concentrated in vacuo and re- 
eyaporated from acetonitrile {2x). The residue was washed with dichloromethane and dried 
In vac»o to give 1 6 mg (90 %) of the HJIg compound as a solid trifluoroacetate. 
'H-NMR (CDaOD): 5 7.98.(d. IN, J = 7.2 Hz), 7.92 (d, 1H, J = 6.6 Hz). 7.83 (m. 2H), 4.51- 
4.39 (m. 2H), 4.11-4.08 (m. 1H). 3.97-3.91 (m, 2H). 3.53-3.47 (m, 1H), 3.16-3.10 (m. 1H). 



EXAMPLE 11 




r-dl . 1 -Dioxo-1 H-benzQrdlisothiazol-3-vlamino^methvlV2-(oxatvt-amlnoM.5.6.7-tetrahvdro- 
thienor2.3^lPvridjne-3-carboxvlfc add ... 



Wb 01/19830 PCT/DK0()/0«5(t2 

68 

3-Chloro-benzo[d]isothia2ole-1,1 -dioxide (160 mg, 0.79 mmol) and diisopropylethylamine 
(150 0.86 mmol) were dissolved in dichloromethane (7 ml) at 0 °C. 2-Amino-7- 
aminomethyl-6-(4-methoxy-benzyl)-4,5,6.7-tetrahydro-thieno[2,3-c]pyridine-3-carboxyIic acid 
ferf-butyl ester (284 mg, 0.70 mmol) was added and the mixture was stirred for 15 minutes at 
0 °C, diluted with dichforomethane (10 ml) and washed with water (20 ml) and brine (20 ml)* 
The organic phase was dried (MgS04), filtered, and the solvent evaporated jn vacuo . The 
residue was purified by silica gel chromatography using a gradient of hexanes/ethyl acetate 
(1:1) to pure ethyl acetate as eluent, which afforded 309 mg (77 %) of 2-amino-7-((1 ,1-dioxo- 
1H-benzo[d]isothiazol-3-ylamino)methyl)-6-(4-methoxy-benzyl)-4,5,6,7-tetrahydro-thteno(2,3- 
c]pyridlne-3-carboxylic acid fert-butyl ester as an foam. 

'H-NMR (300 MHz, CDCI3): 5 7.69 (d. 1H, J = 8 Hz), 7,77-7.63 (m, 2H), 7.37 (d. 1H, J 
= 7 Hz), 7.25 (d. 2H, J = 10 Hz), 6.82 (d, 2H, J = 8 Hz). 6.62 (bs. 1H), 6.08 (s. 2H). 3.91 (m, 
1H), 3.71 (s, 3H). 3.49-2.65 (m. 8H). 1.59 (s. 9H). 
LC-MS (APCr) m/r 569 [M+H]*, [M+Na] 591 ; Rt = 2.85 min. 

2-Amino-7-((1,1-dioxo-1W-benzo[d]isothiazol-3-ylamino)methyl)-6-(4-methoxy- 
benzyl)-4,5,6,7-tetrahydro-thienoI2,3-c]pyridine-3-carboxylic acid ferf-butyl ester (102 nig, 
0.18 mmol) in dichloromethane (10 ml) was treated with imidazol-1-yl-oxo-acetic add tert- 
butyl ester (85 mg, 0.43 mmol). After stirring for 18 hours at room temperature, the reaction 
solution was concentrated to dryness in vacuo . The residue was purified by silica gel chro- 
matography using a gradient of heicanes/ethyl acetate (1:1) to pure ethyl acetate as gradient, 
which afforded 98 mg (78 %) of 2-(te/f-butpxyoxalyl-amino)-7-((1 ,1 -dioxo-1 H- 
benzo[d]isothiazol-3-yiamino)-methyi)-6-(4-methoxy-benzyl)-4,5,6,7-tetrahydro-thieno[2,3- 
c]pyridine-3-carboxylic acid te/t-butyl ester as a solid. 

^H-NMR (SOO MHz, CDCI3): 6 12.57 (s. 1H). 7.89 (d, 1H, J = 8 Hz), 7.77-7.63 (m, 2H), 
7.39 (d, 1H, J = 7 Hz), 7.25 (d, 2H, J = 9 Hz), 6.84 (d, 2H, J = 9 Hz), 6.64 (bs, 1H). 3.99-2.76 
(m. 12H). 1.64 (s, 9H), 1.63 (s, 9H). 

10 % Pd/C (100 mg) was added to a mixture of 2-(?©rf-butoxyoxalyl-amino)-7-((1,1- 
dipxo-1/^benzo[d]isothiazol-3-ylamino}H7iethyl)-6-(4Htielhoxy-benzyl)-4,5,6,7-te^^ 
thteno[2.3-c]pyridine-3-carboxyl{c add fe/f-butyl ester (98 mg, 0.14 mmol) in 10 % fonnicadd 
in methanol (10 ml). After stirring at room tenriperature for 48 hours, the catalyst was remo- 
ved via filtration through celite and liberal washing with methanol. The volatiles were remo- 
ved in vacuo and the residue purified by chiromatotron (ethyl acetate/triethylamine, 99:1), 
which afforxJed 32 mg (40 %) of 2-(te/t-butoxyoxalyl-amino)-7-((1 ,1-dipxo-iH- , 
benzo[d]isothiazol-3-ylamino)-methyl)-4,5,6,7-leftrahydr^^ 
add te/t-butyl ester as an oil. . 



wo 01/19830 PCT/DKOO/00502 

69 

^H-NMR (300 MHz, CDCI3): 6 12.48 (s. 1H), 10.21-9.15 (m. 2H), 8.49-7.42 (m, 3H), 5.62-5.00 
(bs, 1H). 4.53-2.87 (m, 8H). 1.61 (s, 18H). 
HPLC (254.4 nm) Rt = 3.67 minutes. 

2-(fert-Butoxyoxaly1-amino)-7-((1,1-dioxo-1H-benzo[d]fsothia2ol-3-ylamino)-methyI)- 
4,5.6.7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic acid ferf-butyl ester (32 mg) was dissol- 
ved in a mixture of 30 % trifluoroacetic acid in dichloromethane (4 ml). The solution was.left 
open to the atmosphere without stirring. After 24 hours the precipitate was filtered off and 
washed with diethyl ether, affording 29 mg (90 %) of the tit|e compound as a solid trifluoroa- 
cetate. 

^H-NMR (300 MHz. DMSO-de): 5 12.36 (s, 1H). 9.92 (bs. 1H). 9.73 (bs. 1H). 9.38 (bs. 
1H), 8.20 (m, IN). 8.05 (m. 1H). 7.89 (m, 2H). 4.95 (s. 1H), 4.12-3.00 (m partially obscured 
by water, 8H). 

LC-MS (APCr) m/z: 466 [M+H]*; R, = 0.66 min. 



EXAMPLE12 




5-f7-Methoxv-1 -oxo-i .3-dlhvdro-isoindol-2-vlmethvlV2-fbxalvl-amino)-4.5.6.7-tetrahvdro- 
thienof2.3-clPvridine-3-cart)oxvlic acid 

2-Methoxy-6-methylbenzoic acid ethyl ester (500 mg, 2.67 mmol), N-bromosucdnimide 
(483.8 mg. 2.72 mmol) and 2,2*-azobis(2;-nriethyl-prpplohitri!e) (30.2 mg. 0.123 mmol) in car- 
bon tetrachloride (10 ml) were heated to reflux. After 18 hours, the reaction mixture was 
evaporated to dryness In ^ojo. The residue was dissolved in dichloromethane (100 ml) and 
washed with water (2 x 50 ml). The organic layer was dried (MgS04), filtered and the solvent 
evaporated iq vacuo . The residue (702,mg) was purified by column chromatography using a 
mbcture of hexanes/dichlotxjmethane (1:1) as eluent. which afforded 573 mg (85 %) of 6- 
bromomethyl-2-melhoxy-benzoic add ethyl ester as an oil. • 

^H-NMR (CDCl3): 5 7.37(t, 1H. J = fif.4H2);7.01 (d, 1H, j = 8.1 Hz). 6.90 (d. 1H. J = 
8.4 Hz). 4.54 (s. 2H)i 4.45 (q, 2H. J = 7.2 Hz), 3.82 (s. 3H), 1.42 (t, 3H. J = 9 Hz). 

6-Bronrram thyl-2-methoxy-b nzoic add ethyl ester (71 .1 mg, 0.260 mmol) dissolved 
in acetohitril (5 ml) and diisopropylethytamin (453 jil, 2.60 mmol) was stin-ed at room tem- 
peratur . To this mixture 2-amino-5-amino-methyl-6^4-metho>y-biBnzyl)-4,5,6,7 
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thieno[2,3-c]pyridine-3-carboxylic acid /erf-butyl ester (200 mg, 0.52 mmol) dissolved in ace- 
tonitrile (5 ml) was added syringe pump (0.2 ml/min.). Once addition was complete, the reac- 
tion mixture was allowed to stir for 2 hours. The reaction mixture was concentrated in vacuo , 
and the residue diluted with ethylacetate (50 ml). The organic layer was washed with satura- 
5 ted sodium bicarbonate (2 x 25 ml) and brine (2 x 25 ml). The organic layer was dried 

(MgS04), filtered and concentrated in vacuo . The residue (308 mg) was subjected to column 
chromatography using a gradient of hexane/ethyl acetate (95:5) to (50:50) and then dichlo- 
romethane/ethyl acetate (95:5) as eluents, which afforded 106 mg (75 %) of 2-amino-6-(4- 
methoxy-benzyl)-5-(7-methoxy-1-oxo-1,3-dihydro-isoindol-2-ylmethyl)-4,5.6.7-tetrahydro- 

10 thieno[2,3-c]pyridine-3-carboxylic add fe/t-butyl ester as an oil. 

'H-NMR (CDCI3): 3 7.48 (t, 1H. J = 7.5 Hz). 7.12 (d, 2H, J = 8.4 Hz), 7.01 (d. 1H, J = 
7.5 Hz). 6.91 (d, 1 H, J = 8.4 Hz). 6.76 (d, 2H. J = 7.8 Hz), 5.95 (bs. 2H), 4.37 (s, 2H), 4.05 
(m, 1H), 3.97 (s, 3H), 3.88-3.78 (m, 2H). 3.81 (s. 3H), 3.71-3.39 (m, 4H). 2.90 (dd. 1H, J = 18 
Hz and J = 5.4 Hz). 2.62 (dd, 1H, J = 18 Hz and J = 5.4 Hz). 1.53 (s, 9H). 

15 To a solution of 2-amino-6-(4-methoxy-benryl)-5-(7-methoxy-1 -oxo-1 ,3-dlhydro- 

lsoindol-2-ylmethyl)-4,5,6,7-tetrahydrp^thiejno[2,3-c]pyridine-3-carboxyllc acid fert-butyl ester 
(105 mg. 0.192 mmol) in tetrahydrofuran (3 ml) was added imidazol-1-yl-oxo-acetic add tert- 
butyl ester (0.534 ml, 0.534 mmol, 1 M in tetrahydrofuran). The reaction nnixture was stirred 
at room temperature for 18 hours. The reaction mixture concentrated in vacuo and the resi- 

20 due subjected to flash chromtography using a mixture of ethyl acetate/dichloromethane 

(10:90) as eluent, which afforded 85 mg (66 %) of 2-(terf-butoxyoxalyl-^amino)-6-(4-methoxy- 
benzyl)-5-(7-methoxy-1 -0x0-1 ,3^ihydro-is6indol-2-ylmethyi)h4,5,6,74etrahydro-t^ 
c]pyridine-3-carboxylic acid te/t-butyl ester. 

'H-NMR (CDCI3): 6 7.47 (t, 1 H, J = 5.7 Hz). 7.10 (d, 2H. J = 6 Hz). 6,99 (d, 1 H. J = 5.7 

25 Hz). 6.90 (d. 1H. J = 6.3 Hz), 6.76 (d. 2H, J ^ 6.3 Hz). 4.37 (q. 2H, J = 11.4 Hz). 3.99-3.92 
(m, 1 H). 3.97 (s. 3H), 3.79-3,76 (m, 2H). 3.77 (s. 3H), 3.66 (d. 1 H, J = 12.6 Hz), 3.58-3.50 
(m, 3H). 2.95 (dd. 1H, J = 13.5 Hz and J = 3.6 Hz). Z70 (dd, 1H. J = 13.5 Hz and J = 3.6 Hz). 
1.61 (d,9H), 1.57 (s,"9H). 

2-{fe/f-ButoxyoxalyI-aminp)-6-(4-methoxy-benzyl)-5-(7-methoxy-1-o)co-1,3-^ 

30. isoindol-2-ylmethyI)-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3^rboxyiicadd fert-butyl ester 
(66 mg, 0.12 mmol) was dissolved in ethariol (2 ml) and fpnnic add (0.3 ml). 10 % Pd-C (15 
mg) was added and the reaction mixture stinBd at room temperature for 3 days. TLC (hexa- 
. ne/ethyl acetate (1/1 )) indicated reaction complete. The reaction mixture was filtered through 
celite and the celite washed with dichloromethane.,The organic fractions were combined and 

35 subjected to preparative tfiin layer chronriatbgraphy (hexane/ethyl acetate (1 /I ) to yield 1 4.7 • 
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mg (22 %) of 2-(fert-butoxyoxalyl-amino)-5-(7-methoxy-1-oxo-1.3-dihydro-isoindol-2- 
ylmethyl)-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carbo)cylic add tert-butyl ester as an oil. 

'H-NMR (CDCI3): 6 7:48 (t. 1H. J = 7.5 Hz), 7.01 (d. 1H, J = 7.2 Hz), 6.90 (d, 1H. J = 
8.4 Hz), 5.50 (d. 2H, J = 6.6 Hz), 4.04-3.90 (m, 1H). 3.97 (s, 3H). 3.24 (m, 1H). 3.01-2.95 (m. 
1H). 2.57-2.43 (m. 2H). 1.62 (s. 9H). 1.57 (s. 9H). 

2-{terf-ButoxyoxaIyl-amino)-5-(7-methoxy-lK)xor1,3-dihydrc>isoindol-2-ylmethyl)- 
4,5,6,7-tetrahydr(>-thieno[2,3-c]pyridine-3-carboxyIic acid fert-butyl ester (14.7 mg, 0.026 
mmol) was dissolved in a solution of 50% trifluoroacetic acid/dichloromethane (2 ml). The 
reaction mixture was stirred at ambient temperature for 18 hours, concentrated jn vacuo and 
re-evaporated from acetonitrile (2x). The resulting precipitate was washed with dichloro- 
methane and dried in vacuo to give 1 3 mg (89 %) of the titte compound as a solid trifluoroa- 
cetate. 

^H-NMR (CD3OD): 5 7.56 (t, IN. J = 8.1 Hz). 7.13 (d. 1H. J = 7.2 Hz), 7.01 (d. 1H. J = 
8.1 Hz). 4.87-4.44 (m. 4H), 4.15 (m. 1H). 3.90 (s. 3H). 3.88-3.79 (m, 1H), 3.43 (m. 1H), 2.98 
(m.2H): 

LC-MS: Ri ' 0.71 . m/r 446 [M+H]*. 



EXAMPLE 13 




5-(7-Hvdroxv-1-oxo-1.3-dihvdro-isoindol-2-vlmethvlV2-foxalvl-amino)-4.5.6.7-tetrahvdro- 
thienor2.3-clpvridine-3-carboxvlic add 

To a solution of 2-hydroxy-6-methyI-benzoic add ethyl ester (5.00 g. 27.8 mmol) and t-butyl- 
di-methylsilyl chloride (6.27 g, 41.6 mmol) in dichlorqmethane (100 ml) was added^diisopror 
pyl ethylamine. The solution was stirred at 50 °C for 24 hours, washed with water, brine, 
dried (MgS04), filtered and tfie solvent evaporated jn vacuo, which afforded 7.6 g (93 %) of 
2-(terf-buty WImethyl-silanyloxy)-6-methyl-benzqic add ettiyl ester as an oil. , 
:'H-NMR (CDCI3): 8 7.13 (t. 1H, J =7,5 Hz), 6.78 (d. 1H, J = 7.5 Hz), 6.67 (d, 1H. J = 7.5 Hz). 
4.35 (q. 2H.'J = 7.2 Hz). 2.29 (s. 3H). 1.38 (t, 3H. J = 7.2 Hz); 0;97 (s. 9H), 0.23 (s. SH^ 
2-<ferf-Butyl-dimemyl-silanyloxy>-6-methyi-benzoic add ethyl ester (7.6 g, 25.8 
. mmol), N-bromosuccinlnrilde (4.82 g, 27.1 mmol) and azobis(cydohexanecarbonitrile) (0.32 
g, 1.3 mmol) were dissolved in tetrachtormethane (130 mi). Th solution was stirred at room 
temperature for 60 hours. The solvent was evaporated in vacuo and the residue was chro- 
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matographed on silica gel column using a gradient of 1-2% ethyl acetate/hexane as eluent, 
which afforded 8.0 g (83 %) of 6-bromonnethyl-2-(fe/t-butyl-dinnethyl-silanyIoxy)-benzoic acid 
ethyl ester as an oil. 

^H-NiVIR (CDCI3): 6 7.21 (t. 1H, J = 8.4 Hz), 7.00 {d, 1H, J = 8.4 Hz). 6.81 (d, 1H, J = 
8.4 Hz), 4.51 (s. 2H). 4.40 (q. 2H. J = 7.2 Hz). 1.42 (t, 3H. J = 7.2 Hz), 0.98 (s, 9H). 0.23 (s, 
6H). 

To a solution of 2-annino-5-aminomethyl-6-(4-nnelhoxy-benzyl)-4,5,6,7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxyIic acid tort-butyl ester (3,00 g, 7.45 mmol) and diisopropyl 
ethylamine (1.93 ml, 1 1.2 mmol) in acetonitrile at room temperature was added a solution of 
6-bromomethyl-2-(tert-butyl-dimethyl-silanyloxy)-benzoic acid ethyl ester (2.78 g, 7.45 mmol) 
in acetonitril over 48 hours. The solution was stin-ed for 12 hours after the addition was 
complete. The volatiles were evaporated in vacuo and the residue was taken into ethyl 
acetate (50 ml) and washed with water. 1 N hydrochloric acid, brine, dried (MgS04). filtered 
and the solvent evaporated in vacuo . The residue was chromatographed on silica gel column 
eluted with a mixture of 20 % ethyl acetate/Hexane. which afforded 3.2 g (66 %) of 2-amfno- 
5-(7-(tert-butyWimethyl-silanyIoxy)-l -0X0-1 .3Kilhydrb-isoindol-2-ylmelhyn-6-(4-^ 
benzyl)-4,5,6.7-tetrahydro-thleno[2.3^]pyridine-3-carboxylic acid tert-butyl ester as an oil. 

^H-NMR (CDCIa): 5 7.36 (t. 1H, J = 8.0 Hz). 7.1 1 (d. 2H. J = 8.8 Hz). 6.99 (d, 1H, J = 
8.0 Hz), 6.82 (d, 1H, J = 8.0 Hz). 6.76 (d, 2H. J = 8.8 Hz), 5.94 (s, 2H). 4.48 (d, 1H. J = 16.8 
Hz), 4.33 (d, 1H, J = 16.8 Hz), 3.90-3.45 (m, 7H). 3.78 (s, 3H). 2.95 (dd, IN, J = 17.2 Hz and 
J = 5.2 Hz), 2.72 (dd. 1H. J = 17 Hz and J = 5.6 Hz). 1.52 (s. 9H). 1 .05 (s. 9H). 0.26 (s. 6H). 

To a stirred solution of 2-amino-5-(7-(f0rt-butyl-dimethyl-siIanyloxy)-1 -oxo-1 ,3- 
dihydro-lsoindoI-2-ylmethyl)-6-(4^nethoxy-benzyl)-4,5,6.7-tetrahydro-thieno[2.3-clpyridine-3- 
carboxylic add tert-butyl ester (2.37 g, 3.64 mmol) in tetrahydrofuran (50 ml) was added imi- 
dazoI-1 -yl-oxo-acetic add fert-butyl ester (2.1 4 mg, 1 0.9 mmol) in tetrahydrofuran (1 0 ml). 
The mixture was stin^ at room temperature for 24 hours. The solvent was removed in ^ 
cuo . The residue was taken into ethyl acetate (100 ml), the solution was washed with 0.5 Ni 
hydrochloric add solution (2 x 20 ml), saturated sodium bicariionate (2 x 20 ml) and brine (20 
ml), dried (A/tgSd4). filtered and the sokent removed in vacuo . The residue was chroma- 
tographed using a gradient of 10-20 % ethyl acetate/Hexanis as eluent, which afforded 2.40 g 
(92 %) of 2-(Wbutoxyoxalyl-amirio)-5-(7^tert-butyI-dimethyl-siknyloxy)-1 -oxo-1, 
isoindol-2-ylmethyl)-6K4^ethp)^-benzyl)-4i5,6,7-tetrahydro-thieno[2,^^ 
cart)6xylic add tert-butyl ester as a solid. ' 

^H-NMR (CDCI3): 5 12.59 (s/IH), 7.37 (t, 1H; J = 8.0 Hz). 7.10 (d, 2H, J = 8.8 Hz), • 
7.00 (d, 1H, J = 8:0 Hz).'6,8i (d. 1H ■ j.= 8.0 Hz), 6.77 (d, 2H, J = 8.8 Hz), 4.50 (d. 1H. J = 
16.8 Hz), 4.34 (d, 1 H. J = 16.8 Hz). 3.90-3.45 (m, 7H), 3:77 (s, 3H). 2.95 (dd. 1H. J = 17,2 Hz 
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and J = 5.2 Hz). 2.72 (dd, 1H, J = 18 and J = 5.6 Hz), 1.61 (s, 9H). 1.58 (s, 9H). 1.06 (s. 9H). 
0.26 (s, 6H). 

To a solution of 2-(fert-butoxyoxalyl-ahrlino)-5-(7-(fert-butyl-dimethyl-siIa^yloxy)-1-oxo- 
1,3-dihyd^o-isoindoI-2-yImethyi)-6-(4-methoxy-benzyl)-4,5,6,7■tet^ahyd^o-thieno[2,3- 
c]pyridine-3-carboxylic add tert-butyl ester (2.40 g. 3.34 mmol) in 10 % formic acid/methanol 
(50 ml) at room temperature under nitrogen was added 10 % Pd/C (1.2 g). The mixture was 
stirred for 48 hours. The Pd/C was filtered off and the filtrate was evaporated jn vacuo . The 
residue was dissolved in dichloromethane (10 ml). The resulting solution was poured into he- 
xane. The predpilate was filtered off and dried in vacuo affording 1,3 g (61 %) of 2-(^ert- 
butoxyoxalyl-amino)-5-(7-(tert-butyl-dimethy^silanyloxy)-1 -oxo- 1 ,3-dihydroHsoindol-2- 
ylmethyl)-4.5.6.7-tetrahydro-thleno[2.3-c]pyrldine-3-carboxylic add ferf-butyl ester. 

'H-NMR (CDCI3): 5 12.45 (s. IN). 8.05 (s, 1H), 7.39 (t, 1H, J = 8.0 Hz). 7.00 (d, 1H. J 
= 8.0 Hz), 6.83 (d. 1H, J = 8.0 Hz), 4.50 (d, 1H, J = 16.8 Hz). 4.45 (q. 2H. J = 17 Hz), 4.05 (q. 
2H, J = 17 Hz). 3.82 (dd. 1H. J = 17.2 Hz and J = 5.2 Hz). 3.72 (dd. 1H, J = 17 Hz and J = 
5.6 Hz). 3.40 (s. 1H), 3.08 (d. 1H, J = 17 Hz), 2,61 (dd. 1H, J = 18 Hz and J = 7.2 Hz). 1.61 
(s. 9H). 1 .54 (s. 9H). 1.05 (s, 9H). 0.26 (s. 6H). 

To a solution of trifluoroacetic add (33.3 ml) and H2O (2.7 ml) was added 2-(fert- 
butoxyoxalyl-amino)-5-(7-(te^^butyl-<^imethyl-s^lanyIoxy)-1<lxo-1,3-dihydro^soindol-2- 
ylmethyl)-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxyitc add tert-butyl ester (0.70 g, 
1.04 mmol). The solution was stirred at room temperature for 40 hours. The solvent was pou- 
red into ethyl ether (400 ml). The predpitale was filtered off and dried ]n vacuo , which affor- 
ded 450 mg (80 %) of the litte compound as a solid trifluoroacetate. 

'H-NMR (DMSO-de): 5 12.30 (s. 1H). 9.71 (s, 1H). 9.20 (s. 2H), 7.39 (t. 1H. J = 8.0 Hz). 6.99 
(d. 1H, J = 8.0 Hz). 6.82 (d, 1H. J = 8.0 Hz), 4.52 (d, 1H, J = 16.8 Hz), 4.36 (d. 2H. J = 17 
Hz). 4.22 (d. 2H. J = 17 Hz). 4.00 (dd, 1H. J = 17.2 Hz and J = 5.2 Hz). 3.86 (s, 1H). 3.62 (d; 
1H. J = 17 Hz), 2.81 (dd. 1H. J = 18 Hz and J = 7.2 Hz); 
LC-MS: Rt = 1 .20 min; m/z = 432 [M+H3* 



EXAMPLE 14 




o, 



•OH 



O Q 



5-'(7-Benzvlbw-1<>xo-1.3KjihvdrD-isoindol>2-vlmethvlV^ 
thienof2.3-clDvridine-3-€art)oxvltc iadd 
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To a solution of 2-(terf-butoxyoxalyl-annino)-5-(7-(ferf-butyl-dimethyl-s^lanyIaxy)-1-oxo-1,3- 
dihydro-isoindol-2-y^methyl)-6-(4-methoxy-ben2yI)-4,5,67-tetrahydro4h^eno[2,3-c]pyridin 
carboxylic acid ferf-butyl ester (2.40 g, 3.34 mmol) in 10 % formic acid/methanol (50 ml) at 
room temperature under nitrogen was added 10 % Pd/C (1 .2 g). The mixture was stirred for 
48 hours. The Pd/C was filtered off and the filtrate was evaporated in vacuo . The residue 
was dissolved in dichloromethane (10 ml) and the resulting solution was poured into hexane. 
The precipitate was filtered off (1 .3 g) and the filtrate was evaporated in vacuo. The residual 
foam (1.1 g) was taken into dichloromethane (50 ml) and treated with di-feA/-butyl- 
dicarbonate (1.1 g, 5.0 mmol) and saturated sodium bicarbonate (20 ml). The mixture was 
stirred for 2 hours and the organic layer was separated and dried (MgS04). The solvent was 
evaporated in vacuo and the residue was chromatographed using a gradient of 10-30% ethyl 
acetate/Hexane as eluent. which afforded 175 mg of 2-(tert-butoxyoxalyl-amino)-5-(7- 
hydroxy-1-oxo-1,3-dihydro-isoindol-2-ylmethyl)-4,7-dihydro-5H-thieno(2,3-c]pyridine-3,6- 
carboxylic acid di-te/t-butyl ester. 

'H-NMR (CDCb): 5 12.55 (s, 1H), 8.53 (s, 1H), 7.37 (t. 1H, J = 7.6 Hz), 6.92 (d, 1H. 
J = 7.6 Hz). 6.83 (d. 1H, J = 7,6 Hz), 4.95 (s, 1H), 4.84 (d. 1H. J = 16.4 Hz). 4.72 (d, 1H, J = 
16.0 Hz), 4.56 (d, 1H, J = 16.0 Hz), 4.28 (d, 1H. J = 17.6 Hz), 4.13 (m. 1H), 3.68 (s. 0.5H). 
3.42 (s, 0.5H). 3.16-2.94 (m, 2H), 1.62 (s. 9H). 1.61 (s. 9H), 1.26 (s. 9H). 

To a solution of 2-(tert-butoxyoxalyl-amino)-5-(7-hydroxy-1-oxo-1,3-dlhydro-isoindoI- 
2-ylmethyl)-4,7-dihydrD-5H-lhieno[2,3-c]pyridine-3,6-carboxylic acid di-terf-butyl ester (16 
mg, 0.025 mmol) in N,N-dimethylformamlde (0.5 ml) under nitrogen was added sodium hy- 
dride (1.0 mg, 0.026 mmol) at room temperature. The solution was stirred for 2 hours and 
followed by addition of benzyl bromide (5.9 ml, 0.050 mmol). The solution was stirred for 16 
hours, diluted with ethyl acetate (20 ml) and washed with 0.5 N hydrochloric add solution (2 
X 10 ml), saturated sodium bicartjonate (2 x 10 ml), brine (10 ml), dried (MgS04), and filtered. 
The solvent was removed in vacuo . The residue was chromatographed using a gradient of 
10-20 % ethyl acetate/Hexane as eluent. which afforded 14 mg (76 %) of 5-(7-benzyloxy-1- 
bxo-1 ,3-dihydro-lsoindoI-2-ylrnethyl)-2-(terf-butoxyoxalyl-amino)4,7-dihydro-5H-thieno[2.3^ 
c]pyridine-3,6-carboxyiic acid dt-fe/t-butyl ester as a solid. 

^ 'H-NMR (CDCI3): 5 12.49 (s, 1H), 7,48 (d, 2H, J = 7.2 Hz), 7,35 (m, 3H); 7.28 (d. 1H, 
J = 7.2 Hz), 6.97 (d, 1 H,' J = 7.6 Hz). 6.80 (d, 1 H. J = 7.6 Hz). 5.32 (s\ 2H). 4.97 (m. 2H), 
4.82-4.62 (m. 2H), 4,45-4:15 (m,;2H). 3.68 (s, 0.5H). 3.48 (s, O.SH), 3.16-2.94 (m. 2H). 1.62 
(s. 9H), 1.60 (S.9H), 1.26 (s.SH). . - 

/To a solution of trifluoroacetic add (0.5 ml) and dichloromethane (2.7 ml) was added 
5r(7-benzyloxy-1-oxo-1,3-dihydro-isoindoI-2-yiniem 

dihydro-5Hrthleho[2,3-c]pyridine-3,6-carboxyl!cacid dl-tert-butyl ester (14 mg. 0.019 mmol). 
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The solution was stirred at room temperature for 40 hours. The reaction mixture was 
poured into ethyl ether (20 ml). The precipitate was filtered off and dried in vacuo affording 
8.0 mg (68 %) of the title compound as a solid trifluoroacetate. 

'H-NMR (DMSO-de): 6 12.25 (s. 1H), 9.28 (s, 1H). 9.02 (s, 1H). 7.53 (m, 3H), 7.39 (t. 
2H, J = 7.6 Hz). 7,13 (d, 1H, J = 7.6 Hz). 7.11 (d. 1H, J = 8.4 Hz), 5.27 (m. 2H), 4.54 (d. 1H, J 
= 17.2 Hz). 4.38 (d. 2H, J = 17.6 Hz). 4.22 (m. 2H), 4.00 (dd. 1H, J = 17.2 Hz and J = 5.2 
Hz), 3.86 (s. 1H), 3.64 (d. 1H. J = 17.2 Hz). 2.81 (dd, 1H, J = 18 Hz and J = 7.2 Hz); 
LC-MS: Rt = 2.96 min; m/z: 522 [M+H]* 



EXAMPLE 15 




5-f7-Hvdroxv-1-oxo-1.3-dihvdro-isolndol-2-vlmethvlV6-f4-methoxv-benzvl)-2-(oxalvl-aminoV 
4.5.6.7-tetrahvdro-thienor2.3-clpvridine-3-carboxvlic add 

To a solution of trifluoroacetic acid (0.5 ml) and dichloromethane (0,5 ml) was added 2-{rerf- 
butoxyo)ca)yl-amino)-5-(7-(te/t-butyl-<iimethyl-silanyloxy)-1 -oxo-1 ,3-dihydro-isoindol-2- 
ylmethyl)-6-(4-methoxy-benzyl)-4,5,6,7-tetrahydro-thieno[2.3K;]pyridine-3-carboxy^ acid tert- 
butyl ester (1 1 mg, 0.014 mmol). The solution was stirred at room temperature for 16 hours. 
The reaction mixture was poured into ethyl ether (20 ml). The precipitate was filtered off and 
dried in vacuo, which afforded 7.0 mg (79 %) of the tjtte compound as a solid trifluoroacetate. 
'H-NMR (DMSO-de): 5 12.39 (s, 1H). 9.95 (s. 1H), 9.75 (s. 2H). 7.42 (t. 1H. J = 8.0 Hz). 7.30 
(s. 2H). 7.02 (d, 1H. J = 7.2 Hz). 6.96 (s. 2H). 6.85 (d, 1H. J = 7.2 Hz), 4.95-3.65 (m. 11H), 
3.76 (S.3H). 

LC-MS: Rt = 1.93 min, m/z: 553 (M+HT 
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EXAMPLE 16 




5-n.3-Dioxo-1.3<lihvdrD-isoindol-2-vlmethvn-6-(4-methoxv-benzvl)-2-(oxaM^ 
tetrahvdro-thtenor2.3-clDvridine-3-carboxvlic acid 

To a stirred solution of 2-amino-5-(1,3-dioxo-1,3-dihydro-lsoindol-2-ylmethyl)-6-(4-methoxy- 
benzyl)-4,5,6,7-tetrahydro-thleno[2,3-c]pyridine-3-carboxylic add te/t-butyl ester (1 5 mg, 
0.028 mmol) in tetraliydrofuran (1.0 ml) was added imidazol-1-yl-oxo-acetic acid tert-butyl 
ester (27 mg, 0.1 1 mmol) In tetrahydrofuran (1.0 ml). The mixture was stirred at room tempe- 
rature for 24 hours. The solvent was removed in vacuo . The residue was taken into ethyl 
acetate (20 ml). The solution was washed with 0.5 N hydrochloric acid solution (2x10 ml), 
saturated sodium bicarbonate (2 x 10 ml) and brine (10 ml), dried (MgS04)and filtered. The 
solvent was removed ia vacuo . The residue was chromatographed using a gradient of 10-25 
% ethyl acetate/hexane as eluent. which afforded 1 7 mg (93 %) of 2-(ferf-buloxyoxaiyl- 
amino)-5-(1 ,3-dioxo-1 ,3-dihydro-lsoindol-2-ylmethyl)-6-(4-methoxy-benzyl)-4,5,6,7- 
tetrahydn>thieno[2,3-c]pyridine-3-carboxylic add ferf-butyl ester as a solid. 

^H-NMR (CDCI3): 5 12.54 (s, 1H). 7.86 (m, 2H), 7.40 (m. 2H), 7.08 (d. 2H, J = 8,4 
Hz). 672 (d. 2H. J = 8.4 Hz), 4.08 (dd, 1H, J = 13.6 Hz and J = 8.8 Hz). 3,94 (d, 1H. J =,16,8 
Hz). 3.82 (d. 1H, J = 12.8 Hz), 3.78 (s, 3H). 3.92 (s. 3H). 3.70-3,56 (m. 3H). 3.53 (d. 1H. J =? 
12.8), 2.93 (dd. 1H, J = 16.8 Hz and J = 4.8 Hz). 2.75 (dd. IN. J = 18.0 Hz and J = 5.6 Hz), 
1,61 (S.9H), 1.68 (S.9H). 

To a solution of trifluoroacetic add (0.5 ml) and dichloromethahe (0.5 ml), was added 
2-(tert-butoxyoxaIyl-amino)-5-(1 ,3-dioxo-1 ,3-dihydio-isoindoI-2-ylmethyl)-6-(4-melhoxy- 
benzyl)-4.5,6.7-tetrahydro-thieno[2.3Hc]pyridine-3-carboxyiic add ferf-butyl ester (15 mg, . 
0.023 mmol). The solution was stirred at room temperature for 40 hours. The reactipn mix- 
ture was poured into ethyl ether(20 ml). The predpitate was filtered off and dried in vacuo , 
which afforded 1 3 mg (87 %) of the tjUe compound as a solid trifluoroacetate. 
^H-NMR (DiyiSOrde): 5 1 2.38 (s. 1 H). 7.89 (d. 4H, J = 1 1 .2 Hz). 7. 1 8 (s. 2H). 6.85 (s, 2H). 
4.20-3.60 (m, 9H), 3.71 (s, 3H): V ' / - ' ■" : 

LC-MS: R» = 2.05 min, m/z: 550 [M+H]* ..... 
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EXAMPLE 17 




7-f7-Hvdroxv-lK)xo-1.3-dihvdro-isofndof-2-vlmethvlV2-(oxaM-amino)-4:5.6.74etrahv 
thienQf2.3-c1pvridine-3-carfaQxvlic add 



To a solution of 2-^mino-7-aminomethyl-6-(4-methoxy-benzyl)-4.5,6,7-letrahydro-thieno[2,3- 
c]pyridine-3-carboxylic add tert-butyl ester (80 mg, 0.20 mmol) and diisopropyl ethylamine 
(35 pj. 0.40 mmol) in acetonitrile (10 ml) at room temperature was added a solution of 6- 
bromomethyf-2-(te/f-butyl-dimethyl-silanyIoxy)-benzoic acid ethyl ester (69 mg, 0.20 mmol). 
The solution was stirred for 12 hours at room temperature and the solvent was evaporated in 
vacuo . The residue was dissolved in ethyl acetate (50 ml) and washed with water, 1 N hy- 
drochloric add, brine, dried (MgS04), filtered and the solvent evaporated jn vacuo . The resi- 
due was chromatographed on silica gel column eluted with 20 % ethyl acetate/hexane to 
yield 42 mg (33 %) of 2-amino-7-{7-(te/f-butyl-dimelhyl-silanyIoxy)-1 -oxo-1 ,3-dihydro- 
isoindol-2-yImethyl)-6-(4-methoxy-benzyl)-4.5.6,7-tetrahydro-lhieno[2,3-c]pyridine-3- 
carboxylic add ferf-butyl ester as an oil. 

^H-NMR .(CDCl3): 5 7.64 (d, 1H, J = 8.8 Hz), 7.39 (t. 1H. J = 8.0 Hz), 7.10-6.80.(m. 
5H), 6.09 (s, 2H), 5.0^.2 (m, 4H), 3.80 (s. 3H). 3.66-2.92 (rri. 3H). 1.55 (s, 9H), 1.04 (s, 9H), 
0.22 (s,6H). 

To a stirred solution of 2-amino-7-(7-(terf-butyl-dimethyl-siIanyloxy)-1 m3xo-1 ,3- 
dihydrD-isoindol-2-y!methyl)-6-(4-methoxy-ben2ylH.5.6,7-tetrahydro-thieno[2,3-c]p^ 
carboxylic add ferf-butyl ester (40 mg, 0.060 mmol) in tetrahydrofuran (1 ml) was added imi- 
da20l-1-ylH3xp-acetic add fert-butyl ester (59 mg. 0.30 mmol) in tetrahydrofuran (1 ml). The 
mixture was stirred at room temperature for 24 hours. The solvent was removed in vacuo . 
The residue was dissolved in ethyl acetate (^ ml) and the solution was washed with 0.5 N 
hydrochloric add (2 x 20 ml), saturated sodium blt^onate (2 x .20 ml), brine (20 ml), dried 
(MgS04) and filtered. The solvent was removed in vacuo and the residue was chromatograp- 
hed using a gradient oif 10-20 % ethyl acetate/Hexahe as eluent, which afforded 40 mg (83 
%) of 2-(terf-butoxyoxalyI-amino)-7-(7-{/erf-butyr-dimethyl-silanyloxy)-1 -oxo-1 .3-dihydro- 
isoindol-2-ylmethyl)-6-(4-methoxy-b nzyI)-4.5;6.7-tetrahydrp-thi^no[2,3-c]pyridine-3- 
carboxylic acid Yerf-butyl ester as a solid. . ! 
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^H-NMR (CDCI3): 6 12.52 (s, 1H), 7.37 (t. 1H, J = 8.0 Hz), 6.97 (d, 2H, J = 8.4 Hz), 
6.94 (d, 1H. J = 8.0 Hz), 6.83 (d, 1H, J = 8.0 Hz). 6.54 (d, 1H. J = 8.4 Hz). 4.26 (d. 1H, J =^ 
16.8 Hz), 3.93-3.84 (m, 2H), 3.77 (d. 1H. J = 16.8 Hz). 3.69 (s. 3H), 3.66-3.48 (m, 3H), 3.42- 
3.32 (m, 1H), 2.95 (dd, 1H, J = 14.4 Hz and J = 4.8 Hz), 2.92-2.82 (m. 1H), 2.73 (dd, 1H, J = 
5 14.4 Hz and J = 4.8 Hz). 1.60 (s. 9H), 1.59 (s, 9H), 1.02 (s. 9H), 0.22 (d. 6H, J =1.6 Hz). 

To a solution of 2-(terf-butoxyoxalyI-amino)-7-{7-(fert-butyl-dimethy!-silanyIoxy)-1 - 
0X0-1, 3-dihydro-isoindol-2-ylmethyl)-6-(4-methoxy-benzyl)-4,5,6.7-tetrahydro-thieno(^ 
c]pyridine-3-carboxylic acid fert-butyl ester (4.0 mg, 5.1 mol) in 10 % formic acid/methanol 
(1 ml) at room temperature under nitrogen was added 10 % Pd/C (4 mg). The mixture was 
10 stirred for 1 hour. The Pd/C was filtered off and the filtrate was evaporated in vacuo to afford 
2.8 mg (82 %) of 2-(fert-butoxyoxalyl-amino)-7-(7-(terf-butyl-dimethy^-sila^yloxy)-1-oxo-1,3- 
dihydro-^soindol-2-ylmethyl)-5H-4,5,6,7-tet^ahyd^o-thieno^2,3-c]py^idin8-3-carboxylic acid 
/e/f-buty) ester as a solid. 

^H-NMR (CDCI3): 5 12.45 (s, 1H), 8.05 (s, 1H). 7.39 (t. 1H. J = 8.0 Hz). 6.99 (d, 1H.- 
15 J = 8.0 Hz), 6.79 (d. 1H, J = 8.0 Hz), 4.50 (d, 1H, J = 17.2 Hz), 4.45 (d. 1H. J = 17.2 Hz). 
4.24 (d, 1H, 8.4 Hz), 4.03 (dd, 1H. J = 16.0 Hz and J = 7.2 Hz), 3.78-3.68 (m. 2H). 3.38-3.28 
(m, 1H), 3.21 (d. 1H, J = 18.8 Hz), 3.08-2.98 (m. 1H), 1.57 (s, 9H), 1.56 (s, 9H). 0.98 (s. 9H). 
0.15 (d. 6H. J = 1 Hz). 

To a solution of trifluoroacetic add (0.5 ml) and dichloromethane (0.5 ml) was added 
20 2-(iert-butoxyoxalyl-amino}-7-(7-(te/t-butyl-dimethyf-silanyloxy)-1 -oxo-1 ,3-d ihydro-isoindol-2- 
ylmethyI)-5H-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add terf-butyl ester (2.8 
mg, 0.0042 mmol). The solution was stirred at room temperature for 16 hours.. The solvent 
was removed jn vacuo and the residue was washed with dichloromethane affording 1 .8 mg 
(79 %) of the tme compound as a solid trifluoroacetate. 
25 'H-NMR (DMSO-de): S 12.30 (s,1H). 9.76 (s.lH), 9.40 (s,1H), 8.95 (s. lH), 7.40 (t, 

1H, J = 7.6 Hz). 7.00 (d, 1H. J = 7.6 Hz), 6.83 (d, 1H. J = 7.6 Hz). 4.92 (s. 1H). 4.54 (d. 1H, J 
= 18.4 Hz). 4.40 (d, 2H, J = 18.4 Hz), 4.08-4.00 (m, 1H). 3.91 <d, 1H, J = 15.2 Hz). 3.60 (s. 
2H), 3.06 (s, 2H); 
; LC>MS: R,: 1.41 rnin. m/z: 432 [M+H]* 
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EXAMPLE 18 
o 

I 

o 




OH 

7-(7-Hvdroxv-1-oxo-1.3Kithvdro-isoindol-2-vlmethvl)-6-(4-rnethoxv-ben2vlV^^^ 
4.5.6.7-tetrahvdro-thienof2.3-c1pvridine-3-carboxvlic add 

To a solution of trifluoroacetic acid (0,5 ml) and dichloromethane (0.5 ml) was added 2-{tert- 

butoxyoxaIyt-amino)-7-(7-(ferf-butyi-dlmethyl-silanyloxy)-1-oxo-1.3-dihydro-isoindol-2- 

yImethyl)-6-(4-methoxy43enzyl)-4,5,67-^etrahydro-thieno[2.3-c]pyridine-3-ca^ 

butyl ester (10 mg, 0.013 mmol). The solution was stirred at room temperature for 16 hours. 

The solvent was removed in vacuo and the residue was washed with dichloromethane, which 

afforded 6.8 mg (92 %) of the titie compound as a solid trifluoroacetate. 

'H-NMR (DMSO-ds): 5 12.35 (s. 1H). 9.90 (s, 1H), 9.70 (s. 2H). 7.41 (t, 1H. J = 8.0 Hz), 7.28 

(s. 2H). 7.04 (d, 1H. J = 7.2 Hz), 6.92 (s. 2H). 6.83 (d. 1H, J = 7.2 Hz), 4.90-3.60 (m. 11H). 

3.80 (S.3H). 

LC-MS: R, = 1.92 min. m/z: 552 [M+Hf 




7-f1 .3-Dioxo-1.3-dihvdrD-isoindol-2-vlmethvlV^4-methoxv-^3enzvlV2-toxalvl-aminoM.5.^ 
tetrahvdro-threnor2.3-c1Pvridine-3-carfa6xvnc acid 

To a Stirred solution of 2-amino-7-(1,3-dioxo-1,3Hdihydro-isoindol-2-ylmethyl)-6-(4-me^ 
benzyl)-4,5,6.7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add terf-butyt ester (10 mg, 
0.019 mmol) in tetna'hydrofuran (1.0 ml) was added imldazoH-yl-oxb-acetic add re/t-butyl 
est r (18 mg, 0,092 mmol) in tetrahydrofuran (1.0 ml). The mixture was stin-ed at room tem- 
peratur for 24 hours. Th solvent was removed in vacuo . Th residue was dissolved in ethyi 
acetate (20 ml) and washed with 0.5 N hydrochloric add solution (2 x 10 ml), saturated so- 
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dium bicarbonate (2x10 ml), brine (10 ml), dried (MgS04), and filtered. The solvent was re- 
moved in vacuo and the residue was chromatographed using a gradient of 10-25 % ethyl 
acetate/hexane as eluent, which afforded 11 mg (89 %) of 2-(fert-butoxyoxalyl-amino-7-(1,3- 
dioxo-1.3-dihydro-isoindol-2-ylmethyl)-6-(4-methoxy-benzyl)-4,5,6.7-tetrahydro-thieno[2,3- 
c]pyridine-3-carboxylic acid ferf-butyl ester as a solid. 

'H-NMR (CDCI3): 5 12.54 (s, 1H), 7.76 (m, 4H), 6.82 (d, 2H, J = 11.6 Hz), 6.33 (d, 
2H, J = 11.6 Hz), 4.02 (d, 1H, J = 14.4 Hz). 3.98 (d, IN. J = 14.4 Hz). 3.62 (s, 3H), 3.62-3.54 
(m, 2H), 3.48-3.34 (m, 2H), 3.02-2,70 (m. 3H), 1.60 (s, 9H). 1.59 (s, 9H). 

To a solution of trifluoroacetic add (0.5 ml) and dichloromethane (0.5 ml) was added 
2-(terf-butoxyoxaly1-amino-7-(1 ,3-dloxo-1 ,3-dihydro-isoindot-2-ylmethyl)-6-(4-methoxy- 
benzyl)-4.5,6,7-tetrahydro-thleno[2,3-c]pyridine-3-carboxylic acid fert-butyl ester (1 0 mg, 
0.015 mmol). The solution was stirred at room temperature for 16 hours. The solvent was 
removed in vacuo and the residue was washed with dichloromethane, which afforded 6.8 mg 
(80 %) of the titte compound as a solid trifluoroacetate. 

'H-NMR (DMSO-de): 5 12.38 (s. 1H), 7.86 (m, 4H), 6.82 (s, 2H), 6.30 (s. 2H). 4.00- 
2.86 (m, 9H), 3.58 (s. 3H): 
LC-MS: R| = 2.02 min; m/z: 550 [M+H]* 

EXAMPLE 20 
o 

J O OH 

7-(((5-Benzvloxv-1Wndole-2-cai^nvl)amino)methvl)-6-M-methoxv-benzvl)-2-(oxal^^^ 
4.5.6.7-tetrahvdro-thienof2.3-c1pvridine-3-carboxvlic acid 

2-Amino-7-aminbmethyl-6^4-methoxy-ien2yl)-4,5,6,7rtetrahydro-thleno[2,3<]pyridin^ 
ciarboxyllc add tert-butyj ester (0.50 g; 1.2 mmol) was dissolved in /V,AWimethyffonnamlde. 
(20 ml). 1-Hydroxy-7-azabenzotriazoIe (0.19 g; 1.3 mmol) and AK3-dimelhylaminopropyl)-A/- 
ethyicarbodiimide hydrochloride (0.26 g; 1.3 mmol) and drisppropyl-ethylannine (0.23 ml; 1.3 - 
nimol) were added and'the mixture was stin^ for 15 min. 5-Berizyloxylndol (0.36 g; 1.3 
mmol) was dissolved in A/,A/-dimethytfomriamide (20 ml) and added. Diisopropyiethyiamine 
(0.23 rril; 1 .3 nimol) vyas add d and th mixture was stinred ovemiighL Th solvent was re- 
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moved in vacuo, the residue dissolved in dichloromethane (30 ml) and the organic phase 
washed with an aqueous solution of sodium hydrogencarbonate (15 ml). The organic phase 
was dried (MgSOO, filtered and the solvent removed in vacuo . The residue was chroma- 
tographed on silica using ethyl acetate/heptane (1:1) as eluent affording 569 mg of 2-amino- 
7-(((5-benzyloxy-1HHndole-2-carbonyl)amlno)methyl)-6-(4-methoxy-benzyl)-4, 5,6.7- 
tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add ?e/t-butyl ester as an oil. 

The title compound was prepared in a similar way as described in Example 1 using 
the two last steps. 

MS: m/z: 669.4 [M+H]* 

Calculated for C35H32N40aS, 2/3XC2HF3O2. 4/3xH20 ; 
C. 56.77%; H. 4.63%; N, 7.29%. Found: 
C. 56.43%; H. 4.57%; N. 7.13%. 



EXAMPLE 21 




7-(ff6-Bromo-2K)-toM-Qulnoline^4-<arbQnvnamino)methvl)-6-(4-methoxv-benzvi>>2-(oxal^ 
aminoV 4.5.6. 7-tetrahvdro-thienor2.3-clDvridine-3^rboxvlic add 

The title compound was prepared in a similar way as in Example 19 using 6-bromo-2-p-tolyl- 

quinoline-4-carboxyiic add and 2-amino-7-aminomelhyl-6-(4-methoxy-benzyl)-4,5,6,7- 

tetrahydro-thleno[2,3-c]pyridine-3-carboxyIic add fe/f-butyl ester as the starting material. 

LC-MS: nn/z: 745.2 [M+HJ* 

Calculated for C3aH3iBrN407S, 2XC2HF3O2; 

C, 49.44%; H, 3.42%; N. 5.77%. Found: 

C, 49.19%; H, 3.59%; N, 6.00%. . 
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6-f4-Methoxv-benzvlV7-(((5-methvt-2-phenvl-2H - ri.2.31triazole-4-carbonvhamino)me^^ 
(oxalvl-amino>-4.5.6.7-tetrahvdro-thienor2.3-c1pvridine-3-carboxvlic acid 
The title compound was prepared in a similar way as in Example 19 using 5-methyl-2-pheny!- 
2H-[1 .2.3]triazole-4-carboxylic acid and 2-amino-7-aminomethyl-6-(4-methoxy-ben2yl)- 
4,5,6,7-tetrahydro-thieno(2,3-c]pyrldine-3-carboxylic acid terf-butyl ester as the starting mate- 
rial. 

LC-MS: m/z: 605.2 [IVI+H]* 

Calculated for CzgHzaNeOyS, 1 .3XC2HF3O2. 1 .7XH2O; 

C. 48.14%; H. 3.94%: N. 10.94%. Found: 

C, 48.35%: H, 4.19%; N. 10.68%, 

EXAIVIPLE 23 




7-(fnH-lndole-3^rbonvl)amlno)methvlV6-(4-methoxv-benzvlV2-(oxalvl-aminoM.5.6.7- 
tetrahvdro-thienof2.3-clpvridine-3-carboxvlic add ■ . , '. 

the ti«e compound was prepared in a similar way as In Exannple 19 using 3-indole-carboxylic 
acid and 2-amiho-7-aminomethyl-€-(4-methbxy4)en2ylH.5,67-tetrahydro-thieno[2.3- 
c]pyridine-3-carboxylic acid terf-butyl ester as the starting material. 

LC-MS: m/z: 563.2 (M+HT 
Calculated for C2BH2BN4O7S. 5/3XC2HF3O2: 
C. 49^63%; H. 3.82%; N, 7.35%. Found: 
C. 50.00%: H, 3.71%; N. 7.44%. 
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7-a4-Ethoxv-2-4ivdroxv-benzovlamino)meth\^V^(4-methoxv-benzvlV2-(oxalvl-aminQV 
4.5.6.7-tetrahvdro-thienor2,3-clpvridine-3-carboxvlic add 

The titie compound was prepared in a similar way as In Example 1 9 using 4-ethoxy-2- 
hydroxy-benzoic add and 2-amino-7-aminomethyl-6-{4-methoxy-benzyl)-4.5.6,7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxylic acid tert-butyl ester as the starting material. 
LC-MS: m/r 584 [M+H]* 
HPLC: (B6): 23.8 min. 



EXAMPLE 25 




7'-a4-Benzovlamino-^nzovlam[no)methvlV^f4Hrnethoxv-benzvlV2-toxalvl-aminoM^ 
tetrahvdro-thienof2.3-c1pvridine-3-carboxvtic add , 

The titte compound was prepared in a similar way as in Example 1 9 using 4- 

benzoyfaminobenzoic acid and 2-amino-7-aminomethyl-6-(4-methoxy-benzyl)-4,5,6.7- ^ 

tetrahydrD-thieno[2.3rc]pyridine^-carboxylic acid te/t-butyj. ester as the starting material. 

LC-MS:m/z:643:i:[M+H]* \ 

Calculated for C33H3oN408S. 3XC2HF3O2; ■ 

C, 47.57%; H, 3.38%; n/5.69%. Found: 

G, 47.34%; K 3.55%; N. 5.62%. ^ 
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EXAMPLE 26 

J o ot 




7-(f(B^phenvl^4-carbonvl)amf^o)methv^)-6-M-methoxv-be^z^^V2-foxalvl-aminoM.^ 
tetrahvdro-thienor2.3-clpvridine-3-carboxvlic add 

The title compound was prepared in a similar way as in Example 19 using 4-phenylbenzoic 
add and 2-^mino-7-aminomethyl-6-(4-methoxy-ben2yl)-4.5,6.7-tetrahydro-thieno[2,3- 
c]pyridine-3-carboxylic add fert-butyl ester as the starting material. 

LC-MS: m/z: 599.0 [M+Hf 

Calculated for C32H29N3O7S, 2XC2HF3O2. IxHaO ; 

C, 51 .13%; H. 3.93%; N. 4.97%. Found: 

C. 52.02%; H. 4.02%; N. 5.16%. 

EXAMPLE 27 




9 

7-ffnH-lndole-2-carbonvlTiamino)methvl)-6-^4-methoxv-ben2VlV2-(oxalvl-aminoM.^ 
tetrahvclro-thienof2.3-clPvridlne-3-carboxvHc add 

The title compound was prepared in a similar way as in Example 19 using indole-2-cart>oxylic 
acid and 2-^miho-7-^minomethyI-6-{4Hriethoxy-benzylH.5.6,7-tetrahydrp-thi 
c]pyridine-3-carboxylic add terf-butyl ester as th. starting material. 
LC-MS:m/r 563.2 IM+Hr 
HPLC(B6)Rt = 23.07 min. 
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EXAMPLE 28 



HN' 





7-((3-Biphenvl^vl-acfvlovlaminolmethvn-6-f4-methoxv-benzvt)-2-(oxaM-aminoM.^ 
tetrahvdro-thienof2.3-c)pvridine-3-carfaoxvlic acid 

The title compound was prepared in a similar way as in Example 19 using 3-biphenyl-4-yl- 
acrylic add and 2-amino-7-aminomethyl-6-(4-methoxy-benzy!)-4.5,6.7-tetrahydro-thieno[2.3- 
c]pyridine-3-carboxylic acid fert-butyl ester as ttie starting material. 

LC-MS: m/z: 626.2 [M+H]* 
HPLC (B6) Rt = 28.74 min. 

Calculated for C34H31N3O7S, 2XC2HF3O2; 
C, 53.46%: H, 3.90%: N, 4.92%. Found: 
C, 53.89%; H, 4.23%; N, 5.08%. 



EXAMPLE 29 




o, 



i. 



•OH 



HI 



V 




•o 



6:(4:Methb)ai:^^ 

4.5.6.7-tetrahvdro-thjenof2.3-clDvridine>3-carfaoxvlicacid 



The title compound was prepared in a similar way as in Example 19 using 5-methoxyiridoIe-. 
2-carboxyllc acid and 2-^mino-7-anmnomethyl-6-{4-methoxy-benzylH.5,6,7-tetrahydro- 
,thi no[2,3-c]pyridine-3-cartx3xylicadd fert-butyl ster as the starting material . '-^ ■ 
LC-MS: rn/z: 593:2 [M+H]* . 

HPLC (B6)R, = 21.81 min. V* . . . 
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EXAMPLE 30 




7-ff4-Benzvl-benzovlamino)methvl)-6-(4-nriethoxv-benzvn-2-foxalvl-aminoM.5.6.7- 
tetrahvdro-thienof2.3-clPvridine-3-carboxvlic acid 

The titte compound was prepared in a similar way as in Example 19 using 4-benzylbenzoic 

add and 2-amino-7-aminomethyl-6-(4-methoxy-benzyl)-4,5,6,7-tetrahydro-thieno[2,3- 

c]pyridine-3-carboxylic acid tert-butyl ester as the starting material. 

LC-MS:m/z: 614.2 [M+H]* 

HPLC (86) Rt = 27.23 min. 

Calculated for C33H31N3O7S. I.5XC2HF3O2, IxHaO; 

C, 53.87%: H. 4.33%; N, 5.23%. Found: 

C. 53.92%; H. 4.24%; N, 5.18%. 



EXAMPLE 31 




6-(4-Methoxv-benzvlV7-K(naDhthalene-1^rbonvnamino)methvl)-2-foxalvt-aminoV4.5.6.7- 
tetfahvdrD-thienof2.3-clPvridine-3^rfaoxvlic add 

The t|t!e compound was prepared in a similar way as in Example 1 9 using 1 - 
napthylcarboxylic add and 2-amlno-7-amin6methyI-6-{4-methoxy-benzyI)-4,5.6,7-tetrahydro- 
thiefU3[2.3-c]pyridlne-3-carboxyllc add fert-butyl ester as . 

LC-MS: m/z: 574.0 [M+nr ' 
HPLC (B6)Rt = 22.51 min. 
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Calculated for C30H27N3O7S, ZxCzHFsOj; 
C. 50.94%; H. 3.65%; N, 5.24%. Found; . 
C. 51.39%; H. 3.79%: N, 5.16%. 

5 

EXAMPLE 32 




6-^4-Methoxv4)enzvl)-5-f(2-naDhthalen-2-vl-ethvlamino)methvl>-2-(oxaM-amlnoM 
tetrahvdro-thlenor2.3-c]pvridine-3-carboxvlic add 

10 

A solution of 2-naphthalen-2-yl-ethanol (1 .02 g, 5.8 mmoi), 2,2,6,6-tetramethyl-1 - 
piperidinyloxy fTEMPO) (9 mg, 0.058 mmol) and sodium bromide (0.65 g. 6.4 mmol) in a 
mixture of toluene (18 mL), ethyl acetate (18 mL), and water (3mL) was cooled to 0 °C and 
added dropwise over 1 hour a solution containing the following: sodium hypochlorite (17.2 

15 mL, 0,37 M. 6.4 mmol) and sodium hydrogencarbonate (1.46 g, 17.4 mmol). The reaction 
mixture was stirred at 0 **C for 10 min., and the phases separated. The aqueous layer was 
extracted with ethyl acetate (150 mL). The combined organic phases were washed with a 
solution of potassium iodone (0.2 g) in 10 % aqueous potassium hydrogensulfate (150 mL), 
water (1 50 mL). brine (150 mL). dried (IVIgS04). filtered, and concentrated in vacuo to provide 

20 980 mg of a 3:1 mixture of naphthalen-2-yl-acetaldehyde and 2-naphthaien-2-yl-ethanol. 
^H-NMR (CDCI3): 6 9.81 (t, 1H. J = 1.5 Hz), 7.92-7.80 (m, 3H), 7.68 (bs, 1 H). 7.55-7.42 {m, 
3H),3.87(d,2H, J=1.5H2). : 

To a solution of 2-amino-5-aminomethyl-6-(4-methoxy-benzyl>4.5.6,7-tetrahydro- 
thieno[2.3-c]pyridine-3-carboxYlic acid terf-butyl ester (290 mg, 0.71 mmol) in 1,2- 

25 dichloroethane (3 m!) was added the above mixture of 2-naphthyl-acetaldehyde (1 00 mg, 
0.69 mmol). sodium triacetoxyborohydrlde (190 mg, 0.88 mmol) and the mixture was stin^d 
at room temperature under nitrogen for 2.5 hours. The crude reaction mixture was quenched, 
with saturated sodium bicarbonate (50 ml) and the solution extraded wit^ 
ml), th organic phas was dried (MgS04), filtered, and concentrated in vacuo providing a 

30 foam, whidi was taken directly to th n xt step. LC-li/IS showed that i2-amino^-(4-methpxy- 
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benzyl)-6-((2-naphthalen-2-yl-ethylaniino)-methyl)-4,5,67-tetrahydro-thieno[2,3-c]pyridin 
carboxylic acid terf-buty! ester was the major component. 
LC-MS: m/z: 558.1 [M+H]*, Rr = 2.23 min. 

To a solution of 2-amino-6-(4-methoxy-ben2yl)-5-((2-naphthalen-2-y!- 
elhylamino)methyl)-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic acid terf-butyl ester 
in tetrahydrofuran (3 ml) was added di-terf-butyl-dicarbonate (188 mg. 0.85 mmol) and 
dimethylformamide (18 mg, 0.14 mmol). The reaction was stirred at room temperature for 7 
hours under nitrogen. The crude reaction mixture was diluted with dichloromethane (50 ml) 
and washed with water (50 ml) and brine (50 ml). The organic phase was dried (MgS04), fil- 
tered, and concentrated In vacuo affording a foam, which was used without further purifica- 
tion in the next step. 

LC-MS showed that 2-amino-5-((fef/-butoxycarbonyt-{2-naphthalen-2-yl-ethyI)- 
amino)-methyl)-6-(4-methoxy-benzyI)-4,5,6,7-tetrahydro-thieno[2,3-c]pyridlne-3-carboxylic 
acid te/f-butyl ester was the major component 
Rf 2.74, m/z: 658.1 [M+H]*, Calculated: 657.4. 

To crude 2-amino-5-((^erf-butoxyca^bo^yl-(2-naphthalen-2-yl-ethyl)-amino)-methyl)- 
6-{4-methoxy-benzyl)-4,5,6,7-tetrahydro-thieno[2,3-c]pyrldine-3-carboxylic add fe/t-butyl es- 
ter was added dichloromethane (5 ml) and imldazol-l-yl-oxo-acetic acid fert-butyl ester (400 
mg, 1.78 mmol) and the reaction mixture stirred at room temperature for 12 hours. The crude 
reaction mixture was added to dichloromethane (50 ml) and washed with water (50 ml) and 
brine (50 ml). The organic phase was dried (MgS04), filtered, and concentrated in vacuo . 
The residue was purified by flash chromatography using a mixture of dichloromethane/ethyl 
acetate (10:1 ) as eluent, which afforded 20.3 mg (39 % over tree steps) of 2-(terf- 
butoxyoxalyl-amino>-5-((fert-butoxycarbonyl-(2-naphthalen-2-yl-ethyl)-amino)methyl)-6-(4- 
methoxy-benzyl)-4,5,6,7-tetrahydro-thieno[2,3-cJpyridine-3-carboxylic add tert-butyl ester as 
a foam. 

NMR (CDCI3) 6 7.99-7.92 (m, 3H). 7.88 (s, 1H), 7.68-7.57 (m, 3H), 7.45 (d, 2H. J 
= 7.8 Hz), 6.99 (d. 2H. J = 8.1 Hz), 3.90-3.75 (m, 7H). 3.56-3,42 (m, 5H), 3.19^.13 (m. 2H), 
2.88-2.82 (m, 2H), 1.79 (s, 9H). 1.71 (s, 18H): 
LC-MS: m/z: 786.2 [M+HJ*. R, = 3.03 min. . 

To a solution of 2-(tert-butoxyoxalyl-amino)-5-((te/t-iutoxycarl?onyl-(2-naphthalen-2- 
yl-ethyl)^mino)methyl)-6-(4-methbxy-beri2yl)-4.5,6,7-tetrahydro-thieno[2,3-c]pyridiri 
carboxylic add tert-butyl esteir (20 mg. 0.03 mmol) in dry dichloromethane (200 ^I) at 6 °C 
was added 50 % trifluoroacetic add in dichloromethane (2.5 m!). The reaction was stirred for 
14 hours at room terriperatur and then concentrated in vacuo . The resultant solid was re- 
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suspended in dichloronnethane. filtered, and dried in vacuo to provide 13 mg (90 %) of the 
title compound as a solid. 

NMR (DMSO-de) 5 9.15 (s, 1H). 8.09-8.01 (m. 3H), 7.93 (s, 1H). 7.68-7.57 (m, 
3H). 7.45 (d, 2H. J =7.8 Hz). 6.99 (d. 2H, J = 8.1 Hz). 4.18-4.12 (m. 2H). 3.90-3.75 (m. 7H). 
5 3.56-3.42 (m. 3H). 3.19-3,13 (m, 2H), 2.88-2.82 (m. 2H): 
LOMS: nn/z: 574.7 [M+H]*. R, = 1 .36 min. 

EXAMPLE 33 




5-((2-Benzori.3Tdioxol-5-vl-acetv!amino)nriethvl)-2-(oxalvt-an[iinoV4.5.6.7-tetrahvdro- 
thienor2.3-c1pvridine-3-carboxvlic acid 

To a mixture of 2-amino-5-aminomethyl-6-{4-methoxy-benzyl)-4,5,6,7-tetrahydro-thieno[2,3- 

15 c]pyridine-3-carboxyfic add terf-butyl ester (300 mg. 0.74 mmol), benzo[1 ,3]dioxol-5-yl-acetic 
add (134 mg, 0.74 mmol), 1-hydroxybenzotriazoIe hydrate (111 mg. 0.82 mmol), and N,N- 
diisopropyl-ethylamine (258 jaL, 1.48 mmol) in acetonltrile (5 ml) at room temperature v/as 
added 1-(3-dimethylaminopropyl)-3-ethyIcarbodtimide hydrochloride (157 nig, 0.82 mmol). 
. The reaction mixture was stirred for 16 hours and the solvent evaporated in vacuo . The resi- 

20 due was taken into ethylacetate (50 ml), washed with water. 1 N hydrochloric add. saturated 
sodium bicarbonate, brine, dried (MgS04). filtered and the solvent evaporated in vacuo . The 
residue was subjected to flash chromatography using a gradient of 10-20% ethylaceta- 
te/hexanes as feluenl, which afforded 268 mg (64 %) of 2^mino-5-((2-benzo[1 ,3]dioxoI-5-yl- 
acetylamino)methyl)-6^4-methoxy-benzylH;5.6.7-tetrahydr^ 

25 carboxylicadd fert-butyleslerasanoH. 

. 'H-NMR (CDCI3) 5 6.95 (bs. 2H). 6.75-6^85 (m, 5H), 5.96 (bs, 2H), 5.95 (s, 2H), 
3.81{s, 3H). 3.75-3.30 (nn. 5H), 3.53 (s, 2H). 3.18 (bs. 2H). 2;82 (d. 1H, J = 17 Hz). 2.52 (d, 
1H. J = 17H2). V : , , , V - . 

To a solution of 2-amino-5-((2-benzot1.3]dioxal-5-yl-acetylamin 

30 methoxy-benzyl)T4,5,6,7-tetrahydro-thieno[2,3-clpyridine-3-carbox^ iadd te/t-butyl ester 
(133 mg. 0:235 mmol) in tetrahydrofuran (1 ml) was added JmidazoI-1-yi-oxo-acette add tert- 
butyl ester (1 00 mg. 0,51 rpmol). The mixtur was stin^ at rciom temperature for 24 hours. 
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The solvent was removed in vacuo . The residue was taken into ethyl acetate (50 ml) washed 
with saturated sodium bicarbonate, brine, dried (Na2S04)and filtered. The solvent was remo- 
ved in vacuo and the residue was chromatographed using a gradient of 10-20% ethyl aceta- 
te/dichloromethane, which afforded 130 mg (80 %) of 2-(ferf-butoxyoxalyl-amino)-5-((2- 
5 benzo[1,3]dioxol-5-yl-acetyIamino)methyl)-6-(4-methoxy-benzyl)-4,5,6.7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxylic add <ert-butyt ester as an oil. 

'H-NMR (CDCI3) 6 12.50 (s. 1H), 7.95-7.75 (m. 7H), 5.96 (s. 2H), 3.81 (s. 3H). 3.80- 
3.40 (m. 5H). 3,15 (bs. 2H). 2.90 (d. 1H. J = 17 Hz). 2.58 (d, 1H. J = 17 Hz). 1.61 (s. 9H). 
1.60 (s,9H). 

10 A solution of 2-(terf-butoxyoxalyl-amino)-5-((2-ben20[1,3]dioxol-5-yl- 

acetylamino)methyI)-6-(4-methoxy-benzy1)-4.5,6,7-tetrahydro-thieno[2,3-c]pyridine-3- 
carboxylic acid terf-butyl ester (130 mg, 0.188 mmol) in tetrahydrofuran (2 ml) was passed 
through a Raney Ni bed (120 mg. 50% Raney Ni-water washed with methanol (6 ml) and tet- 
rahydrofuran (6 ml) and dried before use). The Raney Ni bed was washed with tetrahydrofu- 

15 ran (10 ml). The filtrate and washes were combined and the solvent evaporated in vacuo . 
The residue was dissolved in 10% fonmic acid/methanol (6 ml) and stirred with 10% Pd/C 
(120 mg) for 13 hours. Saturated sodium bicarbonate solution (60 ml) was added to the solu- 
tion. The mixture was extracted with dichloromethane. The extracts were combined, dried 
(Na2S04) and filtered. The solvent was removed in vacuo and the residue was washed with 

20 ' 50% hexane/diethyl ether to afford 62 mg (57 %) of 2-(te/f-butoxyoxalyl-amino)-5-((2- 
ben2o[1,31dioxoI-5-yl-acetylamino)methyl)-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3- 
carboxylic add te/t-butyl ester as an oil. 

'H-NMR (CDCI3) S 12.59 (s, IN), 6.80^.70 (m. 3H). 5.96 (s, 2H), 4.05 (q. 2H. J = 15 Hz). 
3.85-3.60 (m. 2H), 3.25-3.00 (m, 4H), 2.58 (m, 1H). 1.61 (s, 9H). 1.59 (s, 9H); 
25 I.C-MS: R, = 1.75 min, mfe: 574 [M+Hf- 

A solution of 2-(fert-butoxyoxalyl-amino)-5-((2-benzo[1,3]di6xol-5-yl- 
acetylamino)methyl)-4,5.6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxyIic add terf-butyl ester 
(62 mg, 0.1 1 mmol) in 50% trifluoroacetic add-dichloromethane (2 ml) was left in an open 
_ flask over the weekend and then the solvent was removed in vacuo . The residue was was- 
30 hed with dichloromethane and the solid filtered off affonjing 39 mg (62 %) of the title com- 
pounds as a solid trifluoroacetate. 

^H-NMR (DMS<>da) 5 12.39 (s. 1H), 9.18 (bs. 1H). 9.10 (bs, 1H), 8.35 (^ 
(d. 1H,J=,1.2Hz),6.82(d.1H.J = 8.4Hz>.6.70(dd,1H.J = 8.4HzandJ=1.2Hz),5^^^ . 
2H). 4:38 (d. IN, J = 14 Hz). 4.28 (m. 1H), a.60-3.4P (m, 4H), 3J6 (d, 2H; J = 
■35 (dd, 1H.J=:14HzandJ = 11H2); 

LC-IVIS: = 1.1 1 min. rn/i: 462 [M+H]*. 
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EXAMPLE 34 




5-(f2-Diben2ofuran-2-vl-ethvl)amino)methvlV-6-(4-methoxv-^enzvlV2-(oxalvl-aminoM.5.67- 
tetrahydro-thienorza-clpyridine-a-carfaoxvlic add 

To a solution of 2-dibenzofuran-2-yl-ethanol (200 mg, 0.94 mmol) and 2,2.6,6-tetramethyl-1- 
piperidinyloxy (TEMPO) (2 mg, 0.009 mmol) in dichloromethane (2 mL) was added an 
aqueous solution of sodium bromide (97 mg in 1 .3 mL of water for a 0.7M solution, 
0.94mmol) and cooled to 0 ^C. To this mixture was added dropwise over 30 min., a solution 
containing the following: sodium hypochlorite (1.4 mL, 0.74 M, 1.03 mmol) and sodium hy- 
drogencarbonate (120 mg, 1.4 mmol) and water (1.4 mL). The reaction mixture was stirred at 
0 °C for 0.5 hour and allowed to warm to room temperature. The organic phase and aqueous 
layer were separated and the aqueous layer extracted with dichloromethane (20 mL). The 
combined organic phases were washed with a solution of potassium iodone (0.2 g) in 10% 
aq. Potassium hydrogensulfate (20 mL), water (20 mL), brine (20 mL), dried (MgS04) filtered, 
and concentrated in vacuo to provide 1 98 mg of a 5: 1 mixture of dibenzofuran-2-yl- 
acetaldehyde and 2-diben2ofuran-2-yl-ethanol as an oil. ^H-NMR (CDCU): 5 9.80 (t. 1H. J = 
1.5 Hz), 8.02 (d, 2H, J = 8.2 Hz). 7.71 (bs, 1H), 7.75-7.42 (m. 4H), 3.82 (d, 2H, J = 1.5 Hz). 

To a solution of 2namino-5^minomethyl-6-{4-methoxy-benzyl)-4,5,6.7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxyIic add fert-butyl ester (340 mg. 0.85 mmol) in 1,2- 
dichloroethane (3 ml) was added the above mixture of dibenzofuran-2-yl-acetaldehyde (150 
mg, 0.70 mmol). and sodium triacetoxyborohydride (225 mg, 1.07 mmol) and the mixture 
was stirred at room temperature under nitrogen for 2.5 hours, the crude reaction mixture 
was quenched with saturated sodium bicarbonate (50 mi) and the solution extracted with 
ethylacetate (100 ml). The organic phase dried '(MgS04), filtered, and the solvent evaporated 
in vacuo: The cnjde. residue was taken directly to the next step. LC-MS showed that 2- 
amiho-5-((2-dibehzofuran-2-yl-ethylamino)methyq-6-(4-metho)^-beh 
thieno[2,3^]pyridine-3-carboxylic add tert-but/l ester was th major component in the cajde 
mixture:-nri/2:' 598.1 fMtH]^ = 2.40 mi^^ 
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Crude 2-amino-5-((2-dibenzofuran-2-yl-ethylamino)methyI]-6-(4-methoxy-benzyl)- 
4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic acid tert-buty! ester was diluted in tetra- 
hydrofuran (3 ml) and di-/ert-butyl dicarbonate (262 mg, 1.20 mmol) and 4-(A/,A/- 
dimethylamino)pyridine (25 mg. 0.20 mmol) were added. The reaction was stirred at room 
temperature for 7 hours under nitrogen. The crude reaction mixture was added to dichloro- 
methane (50 ml) and washed with water (50 ml) and brine (50 ml). The organic phase was 
dried (MgS04), filtered, and concentrated in vacuo. The residue was used directly in the next 
step. LC-MS showed that 2-amino-5-((terf-butoxycarbonyl-(2-dibenzofuran-2-yl-ethyl)amino)- 
methyl)-6-{4-methoxy-benzyl)-4,5,6,7-telrahydro-thieno[2,3-c]pyridine-3-carb6xylic acid tert- 
butyl ester was the major component in the crude: Rf = 2.76. m/z: 698.2 [M+H]*. 

To compound 2-amino-5-((tert-butoxycarbonyt-(2-dibenzofuran-2-yl-ethyl)amino)- 
methyl)-6-(4-methoxy-benzyl>4,5,6,7-tetrahydro-thieno[2.3-c]pyridine-3-carboxylic acid tert- 
butyl ester was added dichloromethane (5ml) and imidazoH-yl-oxo-acetic add tert-butyl 
ester (420 mg, 2.12 mmol). The reaction mixture was stirred at room temperature for 12 
hours. The crude reaction mixture was added to dichloromethane (50 ml) and washed with 
water (50 ml) and brine (50 ml). The organic phase was dried (MgS04). filtered, and con- 
centrated in vacuo . The residue was subjected to flash chromatography using a mixture of 
dichloromethane/ethyl acetate (10:1) as eiuent, which afforded 35.2 mg (51 % over 3 steps) 
of 2-(tert-butoxyoxaIyl-amino)-5-((tert-butoxycartx)nyI-(2-dlbenzofuran-2-yi- 
ethyl)amlno)methVI)-6-(4-methoxy-ben2yI)-4.5,6,7-tetrahydro-thieno[2,3-c]pyridine-3- 
carboxylic acid te/f-butyl ester as a foam. 

^H-NMR (CDCI3) & 7.95-7.90 (m, 3H), 7.84 (s, 1H), 7.68-7.57 (m. 3H), 7.45 (d, 2H, J 
= 7.8 Hz). 6.95 (m. 3H), 3.90-3.75 (m. 7H). 3.56-3.42 (m. 5H). 3.19-3.13 (m, 2H). 2:88-2.82 
(m, 2H). 1.79 (s, 9H). 1.71 (s. 18H); 
LC-MS: Rf= 3.03 min, m/z: 826.2 [M+HJ*. 

To a solution of 2-(te/t-butoxyoxalyl-amino)-5-((tert-butoxycarbonyl-(2-dibenzofuran- 
2-yl-ethyl)amino)methyl)-6-(4-methoxy-benzyl)-4,5,6,7-tetrahydrp-thieno[2,3-c]pyridine-3- 
carboxylic add /erf-butyl ester (28 mg, 0.034 mmol) in dry dichloromethane (200 \xL) at 0 °C 
was added 50%. trifluoroacetic add in dichloromethane (2.5 ml). The reaction was stirred for 
14 hours at room temperature and then concentrated in vacuo . The resultant solid was re- 
suspended in dichloromethane, filtered, and dried in vacuo, which afforded 22 mg (90 %) of 
the title compound as a solid trifluoroacetate. 

. ^H-NMR {DMSO-d6).S9.15 (s, 1H), 8.11-8.21 (m, 3H). 7.93 (s. 1H), 7.68-7.57 (m, 
3H), 7.45 (d. 2H. J'= 7.8 Hz). 6.9a(d. 2H. J = 8.1 Hz), 4.18-4.12 (m, 2H), 3.90-3.75 (m. 7H). . 
3:56-3.42 ~(m/3H), 3.19-3.13 (m/2H), 2.88-2.82 (m 
LC-MS: R,= 3.03V m/z: 614> [M+H]*. 



wo 01/19830 



PCT/DK0(t/0fl502 



93 

EXAMPLE 35 



Or- 




6-(4-Methoxv-ben2vl>-5-((2-(5-methoxv-2-methvl-1H-indol-3-vlVaceWlamino)methvlV^ 
(oxalvl-aminoM.5.6.7-tetrahvclro-thienof2.3-clDvridrne-3-carboxvlic acid 

To a solution of 2-amino-5-aminomethyI-6-{4-methoxy-benzyl)-4.5.6,7-tetrahydro-thienot2,3- 
c]pyridine-3-carboxylic add ferf-butyl ester (202 mg, 0,50 mmol), in /V,A/-dimethylformamide 
(4 ml) was added 5-methoxy-2-methyl-3-indole acetic acid (170 mg, 0.74 mmol), 1-(3- 
dimethylamino-propyl)-3-ethylcarbodnmide, hydrochloride (150 mg, 0.75 mmol). and 1- 
hydroxybenzotriazole (105 mg, 0.74 mmol). The mixture was stin^d at room temperature for 
12 hours. The crude reaction mixture was diluted with dichloromethane (100 ml) and washed 
with water (100 ml), brine (100 ml), dried (MgS04). filtered, and concentrated jn vacuo, which 
afforded 2-amino-6-(4-methoxy-benzyl)-5-<(2-(5-methoxy-2-melhyl-1 H-indol-3- 
yI)acetylamino)methyl)-4,5,6,7-tetrahydro-thieno[2.3-c]pyridin8-3-carboxylic acid fert-butyl 
ester as an oil. 

^H-NIWR (CDCI3) 5 7.16 (d, 2H, J = 10.8 Hz), 6.99 (d, 1H. J = 2.5 Hz). 6.94 (m, 1H), 
6.85 (dd. 1 H, 7 = 8.4 Hz and J = 1 .2 Hz). 6.78 (dd, 1 H, J = 8.3 Hz and J = 1 .2 Hz), 6.65 (m. 
3H). 6.57 (m. 4H), 3.57 (t. 4H, J = 3.0 Hz), 3.53 (m. 6H). 3.59-3.29 (m. 5H). 3.12-2.92 (m. 
4H).2.39(s,3H).1.6(s.9H); 
LC-MS R|= 2.19. m/z: 605 IM+H]*. 

To a soluUon of 2-amino-6-(4-methoxy-t)enzyl)-5-((2-{5-methoxy-2-methyt-1 H-indoI- 
3-yl)acetylamino)methyl)-4i5,67-tetrahydro^thieno[2.3-clpyridine^^ add terif-butyl 

ester (96 mg, 0.5 mmol) in dichloromethane (5 ml) was added imidazol-1-yl-oxo-acetic add 
fert-butyl ester {5jB3 mg. 3.0 mmol) and the reaction stirred at room temperature for 24 hours. 
The mixture vvas then concentrated {n vacuo . The residue was purified by flash column 
chromatography (25% ethylacetate/dichloromethane) to give 53 mg (15 %) of 2-(/erf- 
bubxyb)talyI-amino)-6-(4-methoxy-benzyl)-5^((2-(5^^^^ 

yt)acetylaminojmethyl)-4.5,6.7-tetrahydro-thieno[2,3-cI fe/i-butyl 
ster asan oil._ . - 

^H-NMR (CDCI3) 5 7,16 (d. 2H; J = 10.8 Hz). 6.99 (d, 1H. j = 2.5 Hz). 6.94 (m, 1H). 
6.85 (dd, 1H. J = 8.4 Hz andV = 1.2 Hz), 6.78 (dd, IN, J = 8,3 Hz and J = 1.2 Hz), 6.65 (m, 
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3H), 6.56 (m, 3H). 3.57 (m. 3H). 3.53 (m, 6H). 3.59-3.29 (m, 5H). 3.12-2.92 (m. 4H), 2.39 (s, 
3H). 1.6(s, 18H); 

LC-MS R,= 2.36 min, m/z: 733 [M+Hf. 

2-(ferf-Butoxyoxalyl-amino)-6-(4-methoxy-ben2yl)-5-{(2-{5-methoxy-2-rnethyl-1H- 
indol-3-yl)acetyIamino)methyl)-4,5,67-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic acid tert- 
butyl ester was dissolved in 50% trifluoroacetic acid/dichloromethane (3 m!) and stirred at 
room temperature for 48 hours. The solvent was removed jn vacuo and the residual trifluo- 
roacetic acid was removed under reduced pressure to give 17 mg (49 %) of the title com- 
pound as a solid trifluoroacetate. 

'H-NMR (DMSO-ds) 5 10.62 (s. 1H), 7.31 (s, 1H), 7,08 (d. 1H, J = 10.2 Hz), 6.93 (s. 
2H), 6,58 (dd. 1H, Ji = 5.25 Hz and J2= 2.8 Hz), 3.84-3.44 (m. 19H. partially obscured by 
solvent). 2.95 (s, 1H), 2,28 (s, 3H), 1.31 (s, 1H), 1.19 (s, 2H); 
LOMS Rt = 1 .89 min. m/z: 621 [M+H]*. 



EXAMPLE 36 




S-((2-( 1 H-lndoi-3-vi>-2-oxo-acetvlamino)methvl)-2-<Oxatvl-aminoV4.5.6 .7-tetrahvdro- 
thienor2.3-clPvridine-3-carbQxvlicacid 

To a solution of 2-amlno-5-aminomethyl-6-(4-methoxy-benzyl)-4,5,6,7-tetrahydro-thieno[2,3- 
c]pyridine-3-carboxylic acid terf-butyl ester (209 mg, 0.51 mmol) in dry N,N- 
dlmethylfonnamide (4 ml) was added 3-indole-gIyoxylic add (141 mg, 0.74 mmol), 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide, hydrochloride (152 mg. 0.76 mmol), and 1- 
hydroxy-benzotriazole (100 mg, 0.74 nrimol). The mixture was stin^d at room temperature for 
16 hours, diluted witti dichloromethane (100 ml) and washed with water (100 ml), brine (100 
ml), dried (MgSOO. filtered, and concentrated In vacuo . The residue was subjected to flash 
chromatography using a mixture of ethyl acetate/hexanes (2:5) as eluent, which afforded 143 
mg (40 %) of 2-amino^5-{(2-(1H-indol-3-yl)-2-oxo-acetylamino)methyl)-6-(4-methoxy-benzyl)- 
4,5,6i7-tetrahydn>lhleno[2,3-clpyridine-3-carboxylic add ferf-butyl ester as an oW. 
LC>MS Rt= 2.31 min. m/z: 574.9 [M+Hf; / 

To a Mlution of 2-amino-5^(2-(1H-indol-3Tyl)-2-oxo-acetyIamino)me%^ 
m thoxy-behzyl)-4,5,6,7-t ~li^hydrchthienb[2,3-clpyrW 

(143 mg. 0.25 mmol) In dichloromethane (5 ml) was added imidazol-1-yl-oxo-acetlc add tert- 
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butyl ester (144 mg, 0.75 mmol) and the flask was purged with nitrogen. After 24 hours an 
additional portion of imidazol-l-yl-oxo-acetic acid terf-butyl ester (169 mg, 0.86 mmol) was 
added and the reaction mixture allowed stirred for an additional 24 hours. The mixture was 
then concentrated in vacuo . The residue was purified by flash chromatography using a mix- 
ture of ethyl acetate/hexanes (2:5) as eluent, which afforded 101 mg (58 %) of 2-(terf- 
butyoxyoxalyt-amino)-5-((2-(1Wndol-3-yl)-2-oxo-acetylamino)methyl)-6-(4-rTiethoxy-ben2yl)- 
4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add Zerf-butyl ester as a oil. 
'H-NMR (CDCy a 9.23 (s. 1H). 9.07 (d. 1H, J = 3.6 Hz). 8.50 (d. 1H, J = 7.6 Hz), 8.15 (d, 
1 H, J = 4.0 Hz). 7.47 (d, 2H, J = 7.2 Hz). 7.38-7.27 (m, 6H), 6.89 (d, 2H, J = 8.8 Hz), 3.87- 
3.59 (m. 6H), 3.04 (dd. 2H, J= 23.6 Hz), 2.74 (dd, 2H. J = 22.4 Hz). 1.62 (s, 18H): 
LC-MS R, = 2.49 min. wfz: 703 [M+HJ*. 

2-(terf-Butyoxyoxalyl-amino)-5-((2-(1H-indol-3-yl)-2-oxo-acetylamino)methyl)-6-(4- 
methoxy-benzyl)-4,5,6.7-tetrahydn>thieno(2.3-c]pyridine-3-carboxylic acid ferf-butyl ester 
(101 mg, 0.143 mmol) was dissolved in dry tetrahydrofuran (6 ml) and passed through a pi- 
pette, plugged with cotton containing Raney 2800 Nickel (0.38 g). The pipette was flushed 
with dry tetrahydrofuran (6 ml) and the filtrate was concentrated in vacuo . Pd on carbon 
(10%. 102 mg, source: Avocado) and formic add (10% in methanol, 5 ml) were added to the 
flask containing 2-(terf-Butyoxyoxalyl-amino)-5-((2-(1H-indoI-3-yI)-2-oxo-acetylamino)methyl)- 
6-(4-methoxy-benzyl)-4.5,6,7-tetrahydro-thieho[2,3-c]pyridine-3-carboxylic add terf-butyl 
ester. After stirring for 18 hours, the solution was Altered through a pad of celite and con- 
centrated in vacuo . The residue was diluted in ethyl acetate, vrashed with saturated sodium 
bicarbonate (2 x 25 ml), brine (2 x 25 ml), dried (MgSOJ, filtered and concentrated in vacuo . 
The residue was subjected to flash chromatography using a mixtureof 10% metha- 
nol/dichloromethane as eluent. which afforded 2-(terf-butyoxyoxalyl-amino)-5-((2-(1H-indol-3- 
yl)-2-oxo-acetylamino)methy!H.5,6.7-tetrahydro-thieno[2,3K;]pyridine-3-car^^ add tert- 
butyl ester. 

*H-NMR (CDCI3) 5 9.23 (s. 1 H), 9.07 (d. 1 H, J = 3.6 Hz). 8.50 (d, 1 H. J = 7.6 Hz), 
8.15 (d. 1H. J = 4.0 Hz). 7.27 (s. 2H). 7.09 (d. 1H. J = 6.8 Hz), 6.81 (d, 1H. J = 8.8 Hz), 3.79 
(s, 1H), 2.29 (s, 1H). 1.62-1.57 (m, 18H), 0.08 (s, 5H); 
LC-MS: Rt= 2,17 min. nri/z; 5iB3 [M+H]*. 

The aboye 2-(terf-butypxyoxalyl-amino]h5^{2-(1 W-indol-3-yl^2-<)xo^ 
acetylamino)methyl)-4.5,6,7-tebahydro-thieno[2,3-c]pyridine-3-carbb^ add terf-butyl ester . 
was dissolved in 50% trifluordace'tic add/dich|orometharie (3 ml) and stirred at room tem- 
peratur for 18 hours. The solvent was removed in vacuo and residual trifiuoroacetic acid 
was removed under reduced pressure affording 17.1 mg of th titi§ compound as a solid 
trifluoroacetate; . . . - . 
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^H-NMR (DMSO-de) 6 12.28 (s, 2H), 9.26 (s, 1H). 9.13 (s. 1H). 8.83 (d. 1H. J = 2.8 
Hz), 8.26 (d, 1H, J = 8.8 Hz), 7.55 (d; ^H,J = 4.8 Hz), 7.27 (d, 2H, J = 7.6 Hz), 4.42 {d. 1H, J 
= 1 5.2 Hz), 4.29 (d, 1 H, J = 1 6.4 Hz). 3.76-3.22 (m, 4H, partially obscured by solvent), 2.91 - 
2.834 (m. 1H). 1.23 (s, 1H); LC-MS: R,= 0.99 min. m/z471.4 [M+H]*. 

GENERAL CHIRAL SYNTHESIS 

4-0x0-1 -((S)-1-phenyl-ethyl)-piperidine-(/7)-2-carboxync acid ethyl ester 




Dichloromethane (1L) and mol sieves 3 A (113 ig) and amine (S)-(-)a-nnethylbenzylamln (71,7 
ml) were nnixed in a 2 1 three-necked bottle cooled to -5 *C (using a ethanol/water/ice bath). 
A 50 % solution of ethylgtyoxylate in toluene (117.6 ml) was added drop wise over 20 min., 
keeping the temperature between -5 **C and 0 The mixture was stirred for 0.5 hour before 
it was cooled to -30 °C. Trifluoroacetic acid (45.2 m)) vyas added over 3-4 minutes. Boron 
trifluoride diethyl ether (69,8 ml) was added drop wise over 5 min at -65 "C. The ice bath 
was removed and the mixture was allowed to warm up to -45 **C whereupon 
2-{trimethylsiIyloxy)-1 ,3-butadiene (100 ml) was added drop wise over 10 minutes. During the 
addition the mixture was cooled and the temperature kept below -20 "C. The above additi- 
ons are all exothermic hence the cooling bath should have suffident capacity to remove the 
heat generated during the rapid addition. The reaction mixture was stirred for 2 hours at -15 
"C and 1 hour at 0 ^'C and then poured on ice/water and stirred for 15 minutes. Solid sodium 
hydrogen cartwnate was added until pH 7-8. The mixture was stirred overnight at room tem- 
perature. The layers wee separated and the aqueous phase extracted with dichloromethane. 
The combined organic phases were filtered through a plug of silica eluting with dichloro- 
metiiane. The relevant fractions were concentrated in vacuo . The residue was dissolved in 
hot heptane and cooled. This leaves a yellowish gummy material on the side of tiie flask and 
crystals starts forming. The heptane solution was heated again to dissolve crystals, leaving 
the gummy nriaterial on the side of the flask and the mixture was filtered hot. the heptane 
solution was cooled to room temperature and the pirectprtate was filtered off and dried In va- 
cuo, which afforded 38 g of 4-oxo-1-((S>=i-pheny^ethyl)-piperidine-(R)-2-carboxylic add ethyl 
ester as a solid. - " 
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The filtrate was put in a refrigerator and a second crop was formed which was less pure and 
needed recrystallization fronn heptane to yield another 7,5 g of 4-oxo-1-((S)-1-phenyl-ethyl)- 
piperidine-(R)-2-carboxylic acid ethyl ester/ 

4.4-Diethoxy-1-((S)-1-phenyl-ethyl)-piperidine-{S)-2-carboxy1ic acid ethyl ester 



The mother liquor from the above crystallization was concent/ated jn vacuo. 5.0 g of the re- 
sulting material (18.16 mmol) was dissolved in ethanol (100 ml) and triethylorthpfomnate 
(26.9 g, 181.6 mmol) and para-toluensulphonic acid (6.9 g, 36.32 mmol) was added. The re- 
action was stirred at room temperature for 16 hours before the mixture was poured on 
aqueous sodium hydrogen carbonate (200 ml) and extracted with ethyl acetate (4 x 75 ml). 
The combined extracts were concentrated in vacuo and purified by column chromatography 
(Si02, Flash 40. petrol ether-ethyl acetate 10:1). Collection of the first band (Rf = 0.68) gave 
1 . 1 4 g ( 1 8 %) of 4,4-diethoxy-1 -((S)-1 -phenyl-ethyl)-piperidine-(R)-2-carboxylic acfd ethyl 
ester and collection of the second band (Rf = 0.4) gave 3.60 g (57 %) of the title compound . 

4,4-Diethoxy-1-^(^-1-phenyl-ethyl)-plperidUie-{/?)-2-carboxylIc acid ethyl ester 





4-Oxo-1-((S)-1-phenyl-ethyl)-piperidine-(/?)-2-carbo)^lc add ethyl ester (11.0 g. 0.040 mmol) 
was dissolved in a 1 : 1 mixture of triethyl orthoformate and ethanol (140 ml) and para- 
tpIuene-4-suIphonic add (15,2 g. 80 mmol) was added and the reaction mixture was stirred 
for 16 hours. The reaction mixture was neutralized with sodium bicarbonate (to pH 7-8), and - 
extracted with dichloromethane (3 x 100 ml), dried (MgS04). filtered and concentrated in va« 
cuo : The residue was purified by column chromatography (Si02. petrol ether/ethyl acetate 
10:1), which.afforded 12.0 g (86 %) of the title coriipound as an oil. 
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4,4-Diethoxy-1-((S)1-phenyI-ethyI)-(R)-2-hydroxymethyl-piperidine 




To a solution of 4,4-diethoxy-1-((S)-1-phenyl-ethyl)-piperidine-(R)-2-carboxylic acid ethyl 
ester (36.0 g, 0.103 mol) in dry diethyl ether (150 ml) was added a suspension of lithium 
5 aluminum hydride (5.88 g, 0.155 mol) in dry diethyl ether (300 ml) under an atmosphere of 
nitrogen at such a rate that the solution gently reflux. The reaction mixture was stirred over 
night before it was cooled to 0 "C and ethyl acetate (30 ml) was added drop wise to destroy 
excess lithium aluminum hydride. After stirring for another 0.5 hour, water (12 ml) was added 
drop wise. After stirring for 10-15 min the precipitate was filtered off through celite and the 
Id Alter cage was washed with plenty of diethyl ether. The filtrate was washed with brine 

(100 ml), dried (MgS04). filtered and the solvent evaporated in vacuo , which afforded 30 g 
(95 %) of the til|e compound as an oil. 

4,4-Diethoxy-1-((S)-1-phenyl-ethyI)-(R)-2-phthalimidomethyl-piperidine 




A solution of 4,4-piethoxy-1-((S)1-phenyl-ethylH/?)-2-hydroxymethyl-piperidine (65.35 g, 
0.213 mmol), triphenylphosphine (61 ,3 g, 0.234 mol) and phthalimide (34.4.g. 0.234 mol) in 
tetrahydrofuran (700 ml) cooled to 0 'C was added diethyl azodicarboxylate over the course 
of 1 .5 hour. The reaction mixture was stirred at 0 'C for another 2 hours before the solvent 

20 was removed in vacuo . The residue ^Nas dissolved in hot heptane-toluene (3:2) (650 mi) be- 
fore it was cooled on an ice bath. The precipitate consisting of triphenyl phosphine oxide was 
filtered off and washed with heptane. The filtrate, was concentrated in vacuo and the residue 
subjected to column chromatography using a mixture of toluene-ethyl acetate-heptane 
(3:1 :3) as eluent The solvent vras evaporated in vacuo whereupon a viscous oil was obtai- 

25 . ned. Upon addition of light petrol ether the product cr/staliized to give 67,4 g (73 %) of the 
title compound as a solid. . ! " 
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EXAMPLE 37 




5-fffW7-Methoxv-1<)xo-1.3<tihvdro-isoindol-2-vlmethvl)-2-(oxafvl-aminoM,5.67-te^ 
thienof2.3-clPvridine-3-carboxvltc acid 



A mixture of 4,4-diethoxy-1-((S)-1-phenyi-ethyl)-(R)-2-phthalimidomethyl-plperidine (5.25 g, 
12.0 mmol) and hydrazine hydrate (2.92 ml. 60 mmo!) was stirred overnight in ethanol (100 
ml) at room temperature. The solvent was removed in vacuo and the solid residue was ex- 
tracted with refluxing diethyl ether. The diethyl ether fractions were combined and evapora- 
ted in vacuo , which afforded 3.94 g (94 %) of 4.4-diethoxy-1-((S)-1-phenyl-ethyl)-(/?)-2- 
aminomethyl-piperidine as an oil. 

4,4-Diethoxy-1-((S)-1-phenyl-ethyl)-(R)-2-aminomethyl-piperidine (2.25 g, 7.37 
mmol), and triethyj amine (1.49 g. 14.7 mmol) in acetonitrile (50 ml) was heated to 60 ^'C be- 
fore 2-chIorTnethyl-6-methoxy-benzoic add methyl ester (1 .58 g, 7.37 mmol) in acetonitrile 
(25 ml) was added over the course of 1.5 hour. After addition the reaction mixture was stirred 
overnight at 60 *C. The solvent was removed in vacuo and the residue was dissolved in dich- 
loromethane (50 ml) and washed with saturated sodium bicarbonate. After drying (MgS04), 
filtration and evaporation of the solvent In vacuo the residue was subjected to flash column 
chromatography (SiOa. ethyl acetate-light petrol ether (1:1)) to give 2.3 g (69 %) of 2-(f?)-(7- 
methoxy-2,3-dihydro-isoindof-1 -one-2-ylmethyl)-4.4-diethoxy-1 -(1 -{S)-phenyl-ethyl)- 
piperidlne. 

2-(R)-(7-Methoxy-2.3-dihydrp-isoindol-lK)ne-2-yImethyl)-4.4<liethoxy-1(1-(S^ 
phenyl-ethyl)-piperidine (2.0 g, 4,4 mmol) was dissolved in a ice cold mixture of trifluorDacetic 
add and water (10 ml, 9:1) and stirred or 0.5 hour on an ice bath. The reaction mixture was 
poured on aqueous sodium carbonate (100 ml) and extracted with dichloromethane (2 x 50 . 
ml). The organic phase was dried (MgSOJ. filtered and evaporated in vacuo, affording 1 .67 g 
(100 %) of 2-(R)-(7-methoxy-2,3-dihydro^solndol-1-one-2-yln^ethyl)-4-oxo-1(1-(S)-p^ 
ethyl)-piperidihe. , 

2-<R)-(7-Methoxy-2.3Klihydro-isoind.oI-1-one-2-ylrTiethyl)^ 
ethyl)-piperidine (1.67 g, 4.41 mmol), sulphur (0.155 g, 4.85 mWiol),Jerf-butylcyanoacetate 
(0:684 g, 4.85 mmol), Af-methylmorphoIine (Q.892.g, 8.82. mm and molecular sieves (4A. 2. 
g) was heated to 50 in ethanol under an atmosphere of nitrogen for 1 6 hours. The reac- 
tion mixture was filtered through a plug (I xm) of Sip2. the silica was washed vvith dichloro- 
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methane-ethyl acetate and the solvent was removed in vacuo . The resulting residue was 
subjected to column chromatography (Flash 40, Si02, toluene-ethyl acetate (3:1)), which 
yielded 1.17 g (50 %) of 2-amino-5-(R)-(7-methoxy-1-oxo-1.3-dihydro-isoindol-2-ylmethyl)-6- 
(1-(S)-phenyl-ethyl)-4,5,6,7-tet^ahydrothieno[2,3-c]pyridi^e-3-ca^boxylic acid fert-butyl ester 
and 2-amino-7-(S)-(7-methoxy-1-oxo-1,37dihydro-isoindol-2-ylmethyl)-6-(1-(S)-phenyl-ethyl)- 
4,5,6.7-tetrahydrothienoI2,3-c]pyridine-3-carboxylic acid terf-butyl ester as a 3; t mixture. 

The above mixture of 5- and 7-regioisomers (1.17 g, 2.19 mmol) and imidazol-2-yl- 
oxo-acetic acid tert-butyl ester (1 .29 g, 7.57 mmoi) and triethylamine (0.66 g, 6.57 mmol) was 
stin*ed under an atmosphere of nitrogen in dichloromethane (25 ml) for 16 hours. The solvent 
was removed in vacuo and the residue was subjected to column chromatography (SrOz. 
Flash 40, ethyl acetate-petrol ether (1:1)). Collection of relevant fractions gave 0.61 g (42 %) 
of 2-(te/t-butoxyoxalyl-amin)-5-(f?)-(7-methoxy-1-oxo-1,3-dihydro-lsoindo-2-ylmethyl)-6-(1- 
(S)-phenyl-ethyl-ethyl)-4,5,6,7-tetrahydro-thieno[2.3-c]pyridine-3-carboxylic acid tert-butyl 
ester. 

2-(/ert-Butoxyoxalyl-amin)-5-(R)-(7-methoxy-1 -oxol ,3-dihydro-isoindo-2-ylmethyI)- 
6-(1 -(S)-phenyl-ethyl-ethyl)-4.5.6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic acid tert- 
butyl ester (0.60 g, 0.91 mmol) was stirred for 16 hours In a mixture of methanol and formic 
acid (10:1) (20 ml) in the presence of 10 % palladium on cartran (50 % water); The reaction 
mixture was filtered through a plug of Celite and washed with methanol. The volatiles were 
removed in vacuo and the residue was dissolved in dichloromethane (50 ml), washed with 
semi saturated aqueous sodium carbonate (50 ml), dried (MgS04). filtered and the solvent 
evaporated In vacuo . The residue was purified by column chromatography (Si02, Flash 40, 
ethyl acetate-methanol (100:15)), which afforded 0.36 g (71 %) of 2-(terf-butoxyoxalyl-amin)- 
5-(R)-(7-methoxy-1 -0X0-1 ,3-dlhydro-isoindp-2-yImethyl)-4,5,6,7-tetrahydro-thieno[2,3- 
c]pyridine-3-carboxyllc add tert-butyl ester 

2-(fert-Butoxyoxalyl-amin)-5-(/?)-(7-methoxy-1-oxo-1,3-dihydro-isoindo-2-ytmethyl>- 
4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add tert-butyl ester (349 mg, 0.63 mmol) 
was stirred for 16 hours in a mixture of tritiuoroacetic add and dichloromethane (1:1) (10 ml) 
whereupon diethyl ether (20 ml) was added. The predpitate was filtered off and washed with 
diethyl ether, which aflforded 215 mg (61 %) of the title corripound as a solid trifluoroacetate. 
L(>MS: R, = 1.17 min. m/r 446 [M+H]* 
Calculated; for CjoHigNsOTS. G2HF3O2. O.SxHzO', 
C. 46.48%;.H. 3.72%; N. 7,39%; Found: 
C. 46.45%; H. .3.97%; N. 7.43%; [''■"- . /■ ' \ - 
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EXAMPLE 38 




5-fS)-(7-Methoxv-1-oxcHl.3<iihvdro-isoindQ(-2-vlmeth\^)-2-(oxaM-aminoM.5.6J4etrah 
thienor2.3-clPvridine-3-carboxvlic acid 

A solution of 4,4-diethoxy-1-((S)-1-phenyl-ethy1)-piperidine-(S)-2-carboxyltc acid ethyl ester 
(35.98 g, 0,103 mol) In diethyl ether (150 ml) was added drop wise to a suspension of lithium 
aluminum hydride (5.88 g, 0.155 mol) in diethyl ether (300 ml) over the course of 1 hour. The 
reaction mixture was stin'ed at room temperature overnight before it was cooled on an Ice 
bath and the reaction was quenched by dropwise addition of ethyl acetate (30 ml), followed 
by drop wise addition of water (12 ml) whereupon a gray precipitate was formed. The mixture 
was filtered through a plug of Celite and the filter cage was washed with plenty of diethyl 
ether. The filtrate was dried (MgS04) before it was filtered and the solvent removed in vacuo , 
which afforded 24.5 g (79 %) of 4,4-diethoxy-1-(1-(S)-phenyl-ethyI)-($)-2-hydroxymethyl- 
piperidine.asan oil. 

A suspension of 4.4-diethoxy-1-(1-(S)-phenyl-ethyl)-(S)-2-hydroxymethyl-piperidine 
(20 g, 65 mmol), triphenylphosphine (18.76 g, 72 mmol) and phthalimide (10.52 g, 72 mmol) 
in letrahydrofurane (200 ml) cooled to 0 "C was added diethyl azodicarboxylate (11.34 ml, 72 
mmol) over the course of 1 hour. The reaction mixture was stirred at 0 *C for another 2 hours 
before the volatiles were removed jn vacuo . The residue was dissolve in hot heptane-toluene 
(3:2) (100 ml) before it was cooled on an ice bath. The predpitate was filtered off and 
wasiied with heptane. The filtrate was concentrated jn vacuo and the residue subjected to 
column chromatography using a mixture of toluene/ethyl acetate/heptane (3:1 :3) as eluent 
The solvent was evaporated |n vacuo and the residue was crystallized by addition of light 
petrol ether (250 ml). The precipitate was filtered off. which afforded 24 g (85 %) of 4,4- . 
diethoxy-1-{1-(S)-phenyl-ethyl)-2-(S)-phthalimidomethy»-piperidine as a solid. , . . 

4.4-Diethoxy-1-(1-(S)-pheriyt-ethyI)-2-(S)-phthalimidomethyli)iperidine (4.0 g. 9.2 
mmol) was dissolved in a mixture of trifluoroacetic acid and water (9:1) (lOO.ml) at 0 "C and 
stirred for 2 hours at this temperature. The mixture was basified with half saturated aqueous 
sodium carbonate, extracted with ethyl acetatiB and dried (MgS04) for 2 hours. The solvent : . 
was removed in vacuo and th residue was dried in a vacuum own at 40 *G for to days. This ' 
afforded 3.23 g (98 %) of 4-oxp-1 -(1 -(S^phenyl-ethyt)-2-(S)i)hthaIimid6methyi-pipe^ } 
pure without further purificatiori (98 %). 
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A mixture of 4-oxo-1-{1-{S)-phenyl-ethyl)-2-(S)-phthalimidomethyi-piperidine (17.28 
g, 47.73 mmol), /erf-butylcyanoacetat (7.41 g, 52.17 mmol), sulphur (1.71 g, 52.17 mmol) 
and morpholine (8.31 g, 95.46 mmol) in ethanol (150 ml) was heated under an atmosphere 
of nitrogen at 50 *C. The volatiles were removed in vacuo and the residue was subjected to 
column chromatography on silica gel (heptane-ethyl acetate 5:1). The fractions consisting of 
a mixture of 5- and 7-isomer were collected and the solvent evaporated in vacuo . The resi- 
due was purified on a reverse phase (Cie) column using a Flash 40 system. The residue was 
applied in a minimum volume of acetonilrile and eluted with 40 % acetonitrile in water con- 
taining 0.1 % trifluoroacetic acid. When the 5-isomer was collected the eluent was changed 
to 50 % acetonitrile in water with 0.1 % trifluoroacetic acid and the 7-isomer was collected. 
Yield of 2-amino-5-(S)-(1 ,3-dloxo-1 ,3-dihydro-isoindol-2-ylmethyl)-6-(1-(S)-phenyl-ethyl)- 
4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic acid /ert-butyl ester was 7.96 g and yield 
of 2-amino-7-(/?)-(1 .3-dioxo-1 ,3-dihydro-Isoindol-2-ylmethyl)-6-{1-(S)-phenyl-ethyl)-4,5,6,7- 
tetrahydro-thieno[2,3-c]pyridine-3-carboxyllc add teif-butyl ester was 3.72 g (47 % total). 

2-Amino-5-(S}-(1 ,3-dioxo-1 ,3-dihydro-lsoindol-2-ylmethyl)-6-(1 -(S)-phenyf-ethyl)- 
4,5.6,7-tetrahydro-thieno[2.3-c]pyridine-3-carboxylicacid terf-butyl ester (7.96 g, 15.4 mmol) 
and hydrazine hydrate (3.85 g, 77.0 mmol) in ethanol (250 ml) was stirred for 16 hours at 
room temperature. The solvent was removed in vacuo and the solid residue was extracted 
with diethyl ether (3 x 200 ml). The fractions were combined and the solvent removed in 
vacuo to give 5.9 g (1 00 %) of 2-annino-5-(S)-aminomethyl-6-( 1 -(S)-phenyl-ethyl}-4.5.6.7- 
tetrahydrothieno[2.3-c]pyridine-3-carboxylic add te/f-butyl ester. 

2-Amino-5-(S)-aminomethyI-^-(1-{S)-phenyl-^thylH.5,6.74etrahydro-thieno[2V3- . 
c]pyridine-3-carboxyllc acid terf-butyl ester (0.55 g. 1.42 mmol) and triethylamine (396 I, 
2.84 mmol) was heated in acetonitrile (15 ml) under an atmosphere of nitrogen to 60 "C 
whereupon a solution of 2-chloromethyl-6-methoxy-ben2oic add methyl ester (0.32 g, 1 .49 
mmol) in acetonitrile (5 ml) was added dropwise over the course of 3 hours, keeping the re- 
action mixture at 60 ''C. The reaction was allowed to cool to room temperature and was left 
for 16 hours before the solvent was e\^porated in vacuo . The product was purified by col- 
umn chromatography (Si02, Flash 40, ethyl acetate-petrol ether) to give 400 mg (53 %) of 2- . . 
amino^5-(S)-(7-methoxy-1 -oxo-1 ,3-dihydroHsolndol-2-yImethyl)-6-((S)-1 -phenyl-ethyl)- 
4.5,6,7-tetrahydro-thienp[2,3-c]pyridine-3-carboxylic add fert-butyl ester as an oil. 

The titje compound was obtained as a trifluoroacetate in a similar way as described in exain- 
ple 32 using the last three steps. _ . . - . 
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EXAMPLE 39 
o 

O OH 

- OH 

5-fSVf4-Hvdroxv-1<>xo-1.3-dihvdroHsoindol-2-vtmethvlV2-(oxah^aminoM.^ 
thienof2.3-clDVridine-3-carboxvlicacid 

3-Hydroxy-2-methylbenzoic acid (0.5 g, 3.2 mmol) was dissolved in HPLC grade methanol (5 
ml) and cooled to 0 *'C under nitrogen. Acetyl chloride (5 ml) was added dropwise. Once the 
addition was complete, the ice bath was removed and the reaction mixture allowed wanning 
to room temperature over a period of 18 hours. The reaction was complete by tic (Rr=0.5. 1:1 
ethyl acetate/hexanes) and quenched with saturated sodium bicaftonate. The reaction mix- 
ture was concentrated, diluted with dichloromethane and water and the layers separated. 
The aqueous layer was extracted with dichloromethane (3x). The organic layers were combi- 
ned, dried (MgS04), filtered and concentrated in vacuo , which afforded 0.5 g (91 %) of 3- 
hydroxy-2-methylbenzoic acid methyl ester as a solid. 

'H-NMR (CDCI3) 5 7.39 (dd. 1H, J = 8.1 Hz and J = 1.5 Hz). 7.09 (t. 1H, J = 8.1 Hz). 6.92 
(dd. 1H. J = 8.1 Hz and J = 1.2 Hz), 5.11 (bs. 1H). 3.87 (s. 3H). 2.43 (s. 3H). 

3-Hydroxy-2-methylbenzoic acid methyl ester (0.5 g, 3.01 mmol) in dichloromethane 
(15 ml) and W.AWiisopropylethylamine (1.57 ml. 9.03 mmol) was cooled to 0 '*C under nitro- 
gen. Chloromethyl methyl ether (0.46 ml. 6.02 mmol) was added dropwise and the reaction 
allowed warming to room temperature over a period of 18 hours. The reaction was judged to 
be 50 % complete by tic (1:2 ethyl acetate/hexanes, I2) and therefore. N,N- 
diisopropylethylamine (1.57 ml, 9.03 mmol) was added, the reaction mixture cooled to 0 °C 
and chloromethyl methyl ether (0.46 jnl, 6.02 mmol) added once more, the reaction mixture 
was wamied to room temperature and stirred for 5 hours. The reaction was quenched with 
water and the layers separated. The aqueous layer was extracted once with dichloromethane 
and the organic layers combined, dried (IWgS04), filtered, and concentrated jn vacuo . The 
crude residue was purified by colunrin chromatography (20 % ethyl acetate/hexanes) affor- 
ding 0.44 g (69 %) of 3-methoxymethoxy-2-methyl-benzolc acid methyl ester as an oil. 
'H-mR (CDCI3) 5 7.46 (dd. 1H, J = 7.6 Hz and J = 1.2 Hz). 7.21 (dd,,1H, J = 8 Hz and J = 
1.2 Hz), 7.18 (d. 1H, J = ^I.Hz).;5.21 (s. 2H), 3.88 (s, 3H), 3,48 (s. 3H), 2.46 (s, 3H). - 

Toa mbrture f3-m thoxymethoxy-2-methyI-b nzoicadd m thyl ^ster (0.44 g, 2.09 . 
mmol) in carbon tetrachloride (10 ml) was added N-bromosucdnimide (0.39 g, 2.19 mmol) ; ' 
and 1 ,1 -azo bis(cyclohexane-cart3onitrile) (0.051 g. 0.21 mmol). Th mixture was heated at. 
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reflux for 3 hours, at which time the reaction was judged complete by t!c {1 :4 ethyl aceta- 
te/hexanes). The reaction mixture was cooled to room temperature and concentrated in ya; 
cuo to a solid. The solid was reoystalllzed from hexane leaving 0.44 g (82 %) of 2- 
bromomethyf-3-methoxymethoxy-benzoic acid methyl ester, as a solid. 

'H-NMR (CDCI3) 5 7.58 (dd, 1 H. J = 6.8 Hz and J = 2.4 Hz), 7,33-7.29 (m, 2H). 5.30 
(s, 2H), 5.07 (s, 2H). 3.94 (s, 3H), 3.52 (s, 3H). 

To a stirred mixture of 2-amino-5-(S)-aminomethyl-6-{1-(S)-phenyl-ethyl)-4.5,6,7- 
tetrahydro-thieno[2,3-c)pyridine-3-carboxyfic acid tert-butyl ester (0.24 g, 0.67 mmol) In ace- 
tonitrile (30 ml) was added A/,AkIiisopropylethyIamine (0.16 ml, 0.93 mmol) under nitrogen. 
2-Bromo-methyl-3-methoxymethoxy-benzoic acid methyl ester (0.16 g, 0.55 mmol) dissolved 
in acetonitrile, was added via syringe pump at a rate of 0.3 ml/hour. Once the addition was 
complete, the reaction mixture was stin^ at room temperature for 24 hours. Tic analysis 
(1:1 ethyt acetate/hexanes) indicated the reaction to be complete. The volatiles were remo- 
ved in vacuo and the resultant oil dissolved In ethyl acetate/water. The layers were separated 
and the aqueous layer extracted with ethyl acetate (3x). The organic layers were combined, 
dried (MgSO^, filtered and the solvebt evaporated in vacuo, which afforded 0.34 g (100 %) 
of 2-amino-5-(S)-(4-mettioxymethoxy-1-oxo-l,3-dihydro-isoindol-2-yImethyI)-6-(1-(S)-phenyl- 
ethyl)-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-cariDoxylic acid fert-butyl ester, which was 
used without further purification in the next step. 

'H-NMR (CDCI3) 5 7.51 (d, 1H, J = 6.8 Hz), 7.42 (t, 2H, J = 7.6 Hz), 7.23-7.17 (m. 
5H). 5.93 (s. 2H), 5.25 (s, 2H). 4.23 (s, 2H), 4.12 (q. 1H. J = 7.2 Hz), 3.94 (m, 1H). 3.85 (q, 
1H, J = 6.4 Hz), 3.66 (d, 1H, J = 16.4 Hz), 3.50 (s, 3H). 3.48-3.46 (m, 1H). 3.20 (dd, 1H, J = 
14 Hz and J = 6 Hz), 2.94-2.87 (m, 1H), 2.60 (m, 1H). 1.49 (s, 9H), 1.36 (d. 3H, J = 6.4 Hz); 
LC-MS: m/z: 564.1 [M+H]*. 

To a solution of 2-amino-5-(S)-(4-methoxymethoxy-1 -oxo-1 ,3-dihydro-isoindol-2- 
yImethyi)-6-(1 •(S)-phenyI-ethyl>4,5,6,7-tetrahydro-thieno(2,3-c]pyridine-3-carboxylic add 
tert-butyl ester (0.34 g, 0:60 mmol) In dichloromethane (10 ml) was added imidazol-1-yl-oxo- . 
acetic add te/t-butyl ester (0.35 g. 1 .8 mmol). The reaction mixture was stirred at room tem- 
perature for 18 hours and the solvent concentrated in vacuo . The residue was dissolved in 
ethyi acetate and washed with water (2 x 20 rnl) and brine (2 x 25 mi). The organic layer was 
dried (MgSO^), filtered and the solvent evaporated in vacuo . The residue was subjected to 
flash chromatography using a mixtui^ of ethyl acetate/hexanes (1:1) as eluent: The obtained, 
residue was then subjected to diromatotron purification (1 % methanol/ dichloromethane) and 
later to another flash chronriatography (20,% ethyl acetate/hexanes to 25 % ethyl aceta- 
te/hexanes) to obtain 21 0 mg (50 %) of 2-(tert-butoxyoxalyl-amino)-5-(SH4-: ' . ' . 
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methoxymethoxy-1 .3-dihydro-isoindol-2-ylmethyl)-6-{1 -(S)-phenyl-elhy!)^ 
tetrahydro-thieno[2,3-c]pyridine-3-carboxyIic acid te/Y-butyl ester as an oil. 

'H-NMR (CDCI3) 5 12.50 (s. 1H). 7.51 (dd, 1H. J = 6,8 Hz and J = 1.2 Hz), 7.42 (t, 
2H. J = 8 Hz), 7.25-7.17 (m. 5H), 5.23 (s, 2H). 4.24 (q, 2H, J = 16.8 Hz), 4.08 (d. 1H, J = 16.8 
Hz), 4.01 (dd. 1H. J 14+^z and J = 8.8 Hz). 3.89 (d. 1H, J = 17.6 Hz). 3.82 (q, 1H, J = 6.8 
Hz), 3.56 (q. 1H, J = 6.4 Hz), 3.51 (s. 3H), 2.28 (dd, 1H, J = 14 Hz and J = 6.4), 2.98-2.92 (m, 
1H). 2.69 (d. 1H. J = 17.2), 1.56 (s, 9H). 1.54 (s, 9H), 1.38 (d. 3H. J = 6.8 Hz); 
LC-MS: m/z: 692.5 [M+H]*. 

' To a solution of 2-(fert-butoxyoxa!yl-amino)-5-(S)-(4-nnethoxymethoxy-1-oxo-1,3- 
dihydro-isoindol-2-ylmethyl)-6-(1-{S)-phenyl-ethyl)-4,5,6,7-tetrahydro-thieno[2,3^^ 
carboxylic add fe/t-butyl ester (0.16 g, 0.23 mmol) in formic add (10 % in methanol, 5 ml to- 
tal) was added 10% palladium on carbon (85 mg. source: Avacado) and the reaction mixture 
allowed to stir at room temperature. After 6 hours, tic (1:1 ethyl acetate/hexanes) analysis 
indicated reaction complete. The reaction mixture was filtered through a pad of celite and 
concentrated in vacuo . The crude product was purified via flash chromatography (gradient: 
3% isopropyl alcohol/dichloromethane to 5 % isopropyl alcohol/dichloromethane (in 1% in- 
crements of isopropyl alcohol)) to provide 0.1 1 g (82 %) of 2-(terf-butoxyoxalyl-amino)-5-(S)- 
(4-methoxymethoxy-1^xo-1,3-dihydroHsoindol-2-yImethyl)-4,5,6.7-tetrahydro-thienoI2,3- 
c]pyridine-3-carboxy1tc add terT-butyt ester as an oil. 

^H-NMR (CDCI3) 5 12.50 (bs. 1H), 7.48 (dd. 1 H, J = 7.6 Hz and J = 0.8 Hz). 7.38 (t, 
1H. J = 8 Hz). 7.22 (dd. 1H, J = 8 Hz and J = 0.8 Hz). 5.24 (s, 2H), 4.50 (q, 2H, J = 17.3 Hz). 
4.02-3.90 (m. 2H), 3,74 (ddd; 2H. J = 34 Hz, J = 13.6 Hz and J = 5.6 Hz), 3.49 (s. 3H), 3.24 
(m, 1H). 2.97 (ddd, 1H, J = 20 Hz. J = 4.4 Hz and J = 2.8 Hz). 2.50 (m, 1H). 1.59 (s, 9H). 
1.51 (s,9H); 

LC-MS: m/r 587.8 [M+H]*: 

2-(terf-Butoxyoxatyl-amino)-5-(S)^(4-methoxymethoxy-1 -oxo-1 .3-dihydro-lsolndol-2- 
y!methyl)-4.5.6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxyIic add tert-butyt ester (0. 11 g, 
0.18 mmol) was dissolved in neat trifluoroacetic add (4 ml) and stirred at room temperature 
for 48 hours. The reaction mixture was concentrated in vacuo and the resultant solid washed 
with dichloromethane several times affording 1 00 mg (83 %) of the title compound as a solid 
trifluoroaceatet 

. ^H-NMR (DMSO-de) 5 12.29 (bs. 1H). 10.13 (s, IHj. 9.29 (bs. 1H). 9.10 (bs. 1H). ' 
7.32 (t. 1H. J = 7,6 H2)..7.17 (d, 1H, J = 7.2 Hz). 7.01 (d, 1H. J = 8 Hz), 4.52 (d. 1H. J = 17.2 
Hz). 4^404.22 (m. 3H), 4.05 (ddl 1H. J = 14.4 Hz andJ = 9.6 Hz), 3.90 (bs,,1H), 3.69 (dm, 
1H).3.22(dm. 1H).2.80(dm, 1H); ~ 
LC-MS: nnAc 432.2 [M+H]*. - 
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EXAMPLE 40 




2- fS)-(Oxalvl-amino)-5-a4-phenoxv-benzvlamino)methvlM.5.6.7-tetrahvdro-thien6r2.3- 
dDvridine-3-carboxvlic add 

A solution of 2-amino-5-(S)-aminomethyl-6-(1-(S)-phenyl-ethyl)-4.5,6,7-tetrahydro-thieno[2,3- 
c]pyridine-3-carboxylic acid fert-buly! ester (500 mg, 1 .29 mmol) and 4- 
phenoxybenzaldehyde (256 mg, 1 .29 mnno!) was heated to 50 "C in ethanol (50 ml) for 1 
hour in the presence of molecular sieves (4 A, 5 ml). The reaction mixture was cooled on an 
ice bath before sodium borohydride (98 mg, 2.59 mmol) was added in three portions over 45 
min. The cooling bath was removed and the reaction mixture was allowed to reach room 
temperature. The mixture was filtered through a plug of Cellte and the filter cage was washed 
with dichloromethane (3 x 25 ml). The solvent was removed jn vacuo and the residue was 
redissolved in ethyl acetate (50 ml), washed with sodium bicarbonate (50 ml) and dried 
(MgS04). The solvent was removed in vacuo before the residue was redissolved in aceto- 
nitrile (20 ml). Triethylamine (130 mg. 1.29 mmol), di-ferf-butyl dicarbonate (282 mg, 1.29 
mmol) and 4-(A^AA<Jimethyl-amino)pyridine (5 mg, cat) was added and the reaction mixture, 
was stinred for 16 hours at room temperature. The volatlles were removed in vacuo and ethyl 
acetate (50 ml) was added and the solution was washed with saturated sodium bicarbonate 
(50 ml) and dried (MgS04). The crude product was purified by column chromatography (SI02, 
petroleum ether-ethyl acetate (9:1)) to give 325 mg (38% overall) of 2-amino-5-(S)-((4- 
phenoxy-benzylamino)methyl)-6-(1-(S)-phenyl-ethyl)-4.5,6J-tetrahydro-thieno[2,3-c]pyridine- 

3- carboxylic add fe/f-butyl ester. 

The gUe compound was obtained as a trifluoroacetate In a similar way as described 
In example 32 using the last three steps. 
Oxalation: Standard procedure (16 hours, 82 %) 

Hydrogenolysis: standard procedure (Pd/C, 10% Pd, methanol-fonnic acid, 16 hours. ((10:1)) 
{82%yieid) : ' . / 

TFA cleavage: Standard procedure. Yield 150. mg (87%^^ 

LC-MS m/r 482 [M+Hf. Rt = 1.87 min 

Calculated for C24H23N3O6S. 2x(C2HF302>. . ; ■ 
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C. 47.40%: H. 3.55%: N. 5,92%: Found: 
C, 47.47%; H. 3.87%: N. 5,88%; 



EXAMPLE 41 




5-(SW(4-Acetvlamino-benzvlaminoVmemvl)-2-(oxalvl-aminoM.5.6J-tetrahvdro-thienor2 
clPvridine-3-carboxvlic add 

The titte compound was prepared as a trifluoroacetate in a similar way as described in Ex- 
ample 35 using 2-amino-5-{S)-aminomethyl-6-(1-(S)-phenyl-ethyt)-4.5,6,7-tetrahydro- 
thieno[2.3-c]pyridine-3-carboxylic acid tert-butyl ester and AK4-formyl-phenyl)acetamide as 
the starting material. 

Calculated for C20H22N4O8S. I.5XC2HF3O2. 1.SxHjO 
C, 43.78%; H, 3.99%; N, 8.88%; Found: 
C. 44.20%; H. 4.43%; N, 8.75%; 



EXAMPLE 42 



7-(SWfAcetvl-f4-Dhenoxv-tienzvnamino)methviV2-foxaM-aminoV4.5.6.74etrahvdrQ. 
thienof2.3-clpvridine-3-cart)oxvllc add 

A solution of 2-^mlno-7-{S)-aminomethyl-6-<HS)-phenyl-ethylH.5,6,7-tetrahydro-thieno[^ 
c]pyridine-3-carboxylic aicd tert-butyl ester (500 mg, 1.29 mmol) and 4- 
phenoxybenzaldehyde (256 mg, 1.29 mmo!) was heated to 50 *C In ethanol (50 ml) for 1 
hpurin the presence of molecular si ves (4 A 5 mi). The reaction mixture was cooled on an • 
ice bath before sodium borobydride (98 mg, 2.59 mmol) was added in three portions over 45 
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min. The cooling bath was removed and the reaction mixture was allowed to reach room 
temperature. The mixture was filtered through a plug of Celite and the filter cage was washed 
with dichloromethane (3 x 25 ml). The solvent was removed in vacuo and the residue was 
redissolved In ethyl acetate (50 ml), washed with sodium bicarbonate (50 ml) and dried 
5 (MgS04). The solvent was removed jn vacuo before the product was dissolved in dichloro- 
methane (10 ml). The solution was cooled on an ice bath before di-isopropyl-ethyl amine 
(101 mg, 1 .29 mmol) was added followed by drop wise addition of acetyl chloride (1 01 mg. 
1.29 mmol) In dichloromethane (1 ml). The reaction mixture was stirred 1 hour at 0 'C and 
the solution was washed with sodium bicarbonate (10 ml) and dried (MgS04). The crude 

10 product was purified by flash column chromatography (Si02, ethyl acetate-petrol ether 1 :3) to 
give 320 mg (41%) of 7-(S)-((acetyI-(4-phenoxy-benzyl)amino)methyl)-2-amino-6-(1-(S)- 
phenyl-ethyl)-4,5,67-tetrahydro-thieno[2,3-c]pyridlne-3-carboxylic acid 

The title compound was obtained as a trifluoroacetate in a similar way as described 
in example 32 using the last three steps. 

15 Oxalation: Standard procedure (Yield 69%) 

Hydrogenoiysis and trifluoroacetic acid cleavage in one step, Standard procedure (Overall 
yield 6%) 

LC-MS m/z = 524 [M+H]*, R, = 2.58 min 
20 Calculated for C26H25N30rS, C2HF3O2, 0.5XH2O 
C. 52.01%; H. 4.21 %; N. 6.50%; Found: 
C, 51 .82%; H, 4.34%; N, 6.36%. 

25 EXAMPLE 43 




7-(SV((Acetvl-benzvl-aminoymethvlV2-(oxalvl-amino)-4.5.6T-tetrahvdrcHthienor2.3-clpvridi " 
3-cart)oxvlic acid 

A solution of 2-amino-7-(S):aminomethyI-6-(1-(S)i}henyi-ethyl)4,5,6,7-tetrahydro-thieno[2,3- ' 
30 c]pyridine-3-carboxyllc aicd ferf-butyl ster (400 mg, 1.03 mmol) and benzaldehyde (105 nig, 
1.03 mmol) was heated to 50 *C In thanol (20:ml) for 1 hour in the presence of molecular 
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sieves (4 A, 7 ml). The reaction mixture was cooled on an ice bath before sodium borohydri- 
de (78 mg, 2.06 mmol) was added in three portions over 45 min. The cooling bath was remo- 
ved and the reaction mixture was allowed to reach room temperature. The mixture was filte- 
red through a plug of Celite and the filter cage was washed with dichloromethane (3 x 25 ml). 
5 The solvent was removed in vacuo and the residue was redissolved in ethyl acetate (50 ml), 
washed with sodium bicarbonate (50 ml) and dried (MgS04). The solvent was removed in 
vacuo before the product was dissolved in dichloromethane (20 ml). The solution was cooled 
on an ice bath before di-isopropyl-ethyl amine (267 mg, 2.06 mmol) was added followed by 
drop wise addition of acetyl chloride (81 mg, 1.03 mmol) in dichloromethane (1 ml). The reac- 

10 tion mixture was stin-ed 1 hour at 0 "C before sodium bicarbonate (20 ml) was added. The 
mixture was extracted with dichloromethane (2x10 ml) and the combined organic fractions 
were dried (MgS04). The crude product was purified by flash column chromatography (petrol 
ether/ethyl acetate (3: 1 )). which afforded 250 mg (46 %) of 7-(S)-((acetyl-benzyt- 
amino)methyl)-2-amino-6-(1 -(S)-phenyl-ethyl)-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3- 

15 carboxylic add ferf-butyl ester. 

The title compound was obtained as a trifluoroacetate in a similar way as described 
In example 32 using the last three steps. 

Oxalation: Standard procedure (54%) 
20 Hydrogenolysis: Standard procedure (methanol-fonmic add (10:1)) Yield 38 mg (26%) 
Trifluoroacetic add deavage: Standard procedure 33 mg (80%) 

LC-MS m/z: 432 [M+HJ*. R* = 1 .52 min 
Calculated for C20H21N3O6S x 1 .5XC2HF3O2, 2XH2O 
25 C» 43.26%; H, 4.18%; N, 6.58%; Found: 
C, 43.19%: H, 3.86%: N. 6.46%. 

EXAMPLE 44 




30 5-fSWn.1-Dioxo-1H-benzdrd1isothiaz6l^vlamino)methvlV2-foxaM-arninoM.5.6.^ 
r' tetrahvdrQ-thienbf2.3^1pvridihe-3-carboxvlic add 



wo 01/19830 



PCT/DK0O/()05O2 



110 

To a solution of (S)-2-amino-5-aminorTiethyl-6-(1-(S)-phenyl-ethyl)-4,5,6,7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxyiic.acid te/t-butyl ester (1.0 g, 2.58 mmoi) in dichloromethane 
(10 ml) at 0 °C was added A/.TV-diisopropylethylamine (0.54 mi, 5.16 mmol), A solution of 3- 
chloro-benzo[d](sothiazole l.l-dioxide (0.52 g, 2.58 mmol) in dichloromethane (10 ml) was 
then added dropwise and stirred for 30 min. The solution was warmed to room temperature 
and washed with water and dried (l\/IgS04). The solvent was then removed ]n vacuo . The re- 
sidue was taken into dichloromethane (1 5 ml) and lmidazol-1-yl-oxo-acetic acid terf-butyl 
ester (1 .0 g, 5.16 mmol) was added. The solution was stirred for 2 hours. The solvent was 
removed in vacuo . The residue was taken into ethyl acetate (100 ml). The solution was was- 
hed with 0.5 N hydrochloric acid solution, saturated sodium bicarbonate and brine, dried 
(MgS04)and filtered. The solvent was removed in vacuo . The residue was chromatographed 
using a mixture of 0-5% ethyl acetate/dichloromethane as eluent, which afforded 0.6 g (34 
%) of 2-(ferf-butoxyoxalyl-amtno)-5-(S)-((1,1-dioxo-1H-benzo[d] isothiazol-3-ylamino)methyl)- 
6-(1-(S)-phenyl-ethyl)-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylicacid terrf-butyl 
ester as an oil 

'H-NMR (CDCI3) 5 12.50 (s. 1H). 7.94-7.92 (m, 1H). 7.79-7.71 (m, 2H), 7.59-7.50 
(m, 1H). 7.38-7.27 (m, 4H). 6.86 (d, 1H, J=4 Hz), 4.14 (d, 1H. J=12 Hz), 3.95 (d. 1H. J=17 
Hz). 3.88 (q, 1H. J=6 Hz), 3.70-3.62 (m, 1H), 3.47 (t. IN, J=13 Hz), 3.34-3.24 (m, 1H), 3.06 
(dd. 1H. J=17, 6 Hz). 2.53 (d. 1H. J=:17 Hz). 1.62 (s. 9H). 1.61 (s. 9H). 1.44 (d, 3H, J=7 Hz). 

A solution of 2-(terf-butoxyoxaiyl-amino)-5-(S)-((1,1-dioxo-1H-benzo[d] isothiazol-3- 
ylamino)methyl)-6-(1-(S)-phenyl-«thyI>4,5,6.7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic 
acid tert-butyl ester (252 mg,' 6.37 mmol) in tetrahydrofuran (12 ml) was passed through Ra- 
ney Ni (0.95 g, 50% Raney Nl-Water washed with methanol (6 ml) and tetrahydrofuran (10 
ml) and dried before use). The solvent was removed jn vacuo . The residue was dissolved in 
acetic add (7 ml) and hydrogenated with 10% Pd/C (250 mg) at 50 psi for 15 hours. The mix- 
ture was filtered and the filtrate was added to saturated sodium bicarbonate solution. The 
solution was then extracted with ethylacetate (3 x 100 ml). The extracts were combined and . 
dried (MgS04). The solvent was removed in vacuo . The residue was washed with diethyl 
ether affording 156 mg (73 %) of 2-(ferf-butoxyoxalyl-amino)-5-(S)-((1,1-dioxo-1H-benzo[d] 
isothiazol-3-ylamino)-methyl)-4,5,6.74etrahydro-thieno[2,3-c]pyridine-3-cart3oxylic add tert- 
butyl ester as an oil, 

^H-NMR (CDCI3) 6 .12.59 (s, IH). 7.^7.90 (m. 1 H), 7.70-7.66 (m; 3H). 7:51 (s, 1 H), • 
4.11 (d. IH, J=12 Hz), 4.08 (q, 2H, J=17 Hz). 3.40 (dd, 1H, J=12. 6 hfz), 3.26-3.18 (m, IH), 
3.18 (d.1H..J=17Hz). 2.55(dd.'lH.J=12,6Hz),1.62 (s.18H). ; l 
LC-MS: Ri = 3.58 min, m/z: 577 [M+Hf. ' 
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A solution of 2-(tert-butoxyoxalyI-amino)-5-(SH(1 ,1-dioxo-1H-benzo[d] isothiazol-3- 
ylannino)methyl)-4.5,6,7-tetrahydro-thieno[2.3-c]pyridine-3-carboxylic acid ^ert-butyl ester 
(149 mg. 0.26 mmol) in 50 % trifluoroacetic acid/drchloromethane (1 ml) was left in an open 
flask for 60 hours. The volatiles were removed in vacuo and the residue was washed with 
dichloromethane to yield 80 mg (54 %) of the titte compound as a solid trifluoroacetate. 
^H-NMR (DMSOde) 5 12.29 (s. 1H), 9.80 (s, 1H), 9.51 (bs, 2H). 8.19 (d. 1H. J=5 Hz), 8:02- 
8.00 (m, 1H), 7.89-7.84 (m, 2H), 4.46 (d, 1H. J=16 Hz). 4.30 (d. 1H, J=16 Hz). 3.96-3.80 (m. 
3H). 3.30 (d. 1 H, J=1 7 Hz). 2.93 (dd, 1 H. J=1 8, 1 0 Hz); 
LC-MS: Rt = 0.68 min, m/z: 465 [M+H]*. 



5-(4-Benzvloxv-1.3-dioxo-1.3-dihvdro-isoindol-2-vlmethvl)-2-(oxalvl-amlnoV4.5.6.7- 
tetrahvdro-thienor2.3-clDvridine-3-carboxvlicacid 

The litte compound was prepared in a similar way as described in Example 5 as a trifluoroa- 
cetate. 

'H-NMR (40Q MHz. DMSO-de) 5 12.31 (s, 1H), 9.25 (bs, 2H), 7;80 (t, 1H, J = 8 Hz). 7.59-7.32 
(m, 7H), 5.37 (s. 2H), 4.42-4.21 (m. 2H). 3.95-3.70 (m. 3H), 3.4-3.2 (obscured by water. 1H), 
2.83-2.75 (m.lH) 

LC'MS: Kt= 2.16 min. m/z: 536.1 [M+H]* 



EXAMPLE 45 




EXAMPLE 46 




o. 



OH 



5-(6-Methoxv-4-methoxvcarbonvl-1-oxcKl:3-dihvdiT>4soindol-2-vtmethvlV2-(oxaM-amihoV 
4.5.6.7-tetrahvdrGhthienor2.3-clPvridine-3-carboxvlic add 
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To a solution of 2-arrtino-5-aminomethyI-6-(4-rriethoxy-benzyl)-4,5,6,7-tetrahyclro-thieno[2,3- 
c]pyridine-3-carboxylic acid fert-butyl ester (57.4 rrtg, 0.142 mmol) and diisopropyl ethylamine 
(49 0.28 mmol) in acetonitrile (20 ml) at room temperature was added 2-bromomethyl-5- 
methoxy-isophthalic add dimethyl ester (3.00 g, 7;45 mmol). The solution was stirred for 16 
hours and the solvent evaporated In vacuo . The residue was taken into ethyl acetate (50 ml) 
and washed with water (2 x 20 ml), 1 N hydrochloric acid (20 ml), brine, dried (MgS04), filte- 
red and the solvent evaporated jn vacuo . The residue was chromatographed on silica gel co- 
lumn using a mixture of ethyl acetate/hexane (1:1) as eluent, which afforded 62 mg (71 %) of 
2-amino-6-(4-methoxy-ben2:yl)-5-(6-methoxy-4-methoxycarbonyl-1-oxo-1,3-dihydro-isoindo!- 
2-ylmethyl)-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylicacid ferf-butyl ester as a so- 
lid. 

'H-NMR 6 (CDCI3): 5 7.75 (d, 1H. J = 2.4 Hz), 7.55 (d, 1H, J = 2.4 Hz). 7.11 (bs. 
2H), 6,74 (d, 2H, J = 8.0 Hz), 5.97 (s. 2H). 4.71 (d. 1H, J = 18.4 Hz), 4.62 (d, IN, J = 18.4 
Hz). 4.09 (m. 1H). 3.93 (s. 3H), 3.92 (s, 3H), 3.80 (m, 1H), 3.76 (s, 3H), 3.66-3.40 (m, 5H), 
2.80 (d. 1H. J = 17.2 Hz). 2.64 (d, 1H, J = 17.2 Hz), 1.52 (s. 9H). 

To a stirred solution of 2-amino-6-(4-methoxy-benzyl)-5-(6-methoxy-4- 
methoxycarbonyl-1 -oxo-1 ,3-dihydro-isoindol-2-yImethyI)-4. 5,6,7-tetrahydro-thleno[2,3- 
c]pyridine-3-carboxylic acid terf-butyl ester (60 mg, 0.10 mmol) in tetrahydrofuran (1.0 ml) 
was added imldazol-1-yl-oxo-acetic acid fe/t-butyl ester (60 mg, 0.30 mmol) In tetrahydrofu- 
ran (1.0 ml). The mbcture was stirred at room temperature for 24 hours. The solvent was re- 
moved in vacuo . The residue was taken into ethyl acetate (20 ml) and washed with 0.5 N hy- 
drochloric add (2x10 ml), saturated sodium bicarbonate (2 x 10 ml) and brine (10 ml), dried 
(MgS04) and filtered. The solvent was removed in vacuo and residue was chromatographed 
using a gradient ethyl acetate/hexane (10-25 %) as eluent, which afforded 40 mg (58 %) of 
2-(te/t-butoxyoxalyl-amino)-6-(4-methoxy-benzyl)-5-(6-methoxy-4^methoxycarbonyl-1-oxo- 
1 ,3-dihydro-isoindol-2-ylmethyI)-4,5,6,7-tetrahydro-lhleno[2,3-c]pyridine-3-carboxylic add 
terf-butyl ester as a splid. 

'H-NMR6 (CDCI3): 6 12.54 (s, 1H). 7.75 (d. 1H, J = 2.4 Hz). 7.55 (d. IN. J = 2.4 
Hz). 7.10 (d. 2H. J = 8.0 Hz). 6.74 (d, 2H. J = 8.0 Hz), 4.74 (d. 1H, J = 18.4 Hz). 4.62 (d. 1H. 
J = 18.4 Hz), 4,05-3,90 (rn. 2H), 3.94 {s. 3H), 3.92 (s. 3H), 3.82-3.48 (m. 5H). 3.77 (s, 3H). 
2.95 (dd, 1H, J = 17.2 Hz and J = 5.2 Hz). 2,67 (dd. 1H. J = 17,2 Hz and J = 5,2 Hz), 1.61 (s. 
9H). 1.58(s.9H). ' 

To a solution of 2-(tef/-butoxyoxalyi-amino)-6-(4-nnethoxy-benzyl)-5-(6-methoxy-4- 
metho>ycarbohyl-1-oxo-1,3-dibydn>isoindol-2-yimethyl)-4.5.6,7-t trahydro-thieno[2,3- 
c]pyridine-3-carboxylic add terf-butyl ester (38 rifig, 0.055 mmol) in 10 % Jonmic 
add/methanol (1,0 ml) at room teniperature under nitrogen was added 10 % Pd/C (38 mg). 
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The mixture was stirred for 16 hours and the Pd/C was filtered off and the filtrate evaporated 
in vacuo . The residue was taken into dichloromelhane (1.0 ml) poured into hexane. The prer 
cipitate was filtered off, affording 28 mg (82 %) of 2-(/erf-butoxyoxaIyI-amino)-5-(6-methoxy- 
4-methoxycarbonyI-1-oxo-1,3-dihydro-isoindol-2-ylmethyl)-4.5.6,7-tetrahydro-thieno[2,3- 
c]pyridine-3-carboxylic acid terf-butyl ester as a solid. 

'H-NMR 6 (CDCI3): 5 12.45 (s. 1H). 10.90 (s, 1H). 10.69 (s..H), 7.73 (s. 1H). 7,42 (s, 
IH), 4.85 (bs. 2H), 4.65 (bs, 1H), 4.42 (bs. 2H). 3.99 (bs. 2H), 3.96 (s. 3H), 3.89 (s. 3H), 3.35 
(bs. 1 Hz), 3.21 (bs, 1 H), 1 .62 (s. 9H). 1 .56 (s, 9H). 

To a solution of trifluoroacetic acid (0.5 nnl) and dichloromethane (0.5 m!) was added 
2-(terf-butoxyoxalyl-amino)-5-(6-methoxy-4-methoxycarbonyt-1-oxo-1,3-dihydro-isoindol-2- 
ylmethyl)-4,5,6.7-tetrahydro-thieno[2,3-c]pyridine-3-carboxyticacid terf-butyl ester (14 mg, 
0.023 mmol). The solution was stirred at room temperature for 40 hours. The reaction mix- 
ture was poured into diethyl ether (20 ml). The precipitate was filtered off, which afforded 10 
mg (75 %) of the titte compound as a solid trifluoroacetate. 

^H-NMR 5 (DMSO-de): 5 12.28 (s, IH). 9.32 (s, IH). 9.10 (s. 1H), 7.65 (d, 1H, J = 
2.4 Hz). 7.50 (d. 1H, J = 2.4 Hz). 4.82 (d, 1H, J = 17.2 Hz), 4.65 (d. IH, J = 17.6 Hz), 4.40 (d, 
1H. J = 17.6 Hz). 4.30 (m, IH). 4.10 (dd, 1H. J = 17.2 Hz and J = 5.2 Hz). 3.95 (s, IH). 3.89 
(s, 6H), 3.85 (d. 1 H. J = 17.2 Hz), 2.81 (dd. 1 H, J = 18 Hz and J = 7.2 Hz); 
LC-MS: Rt = 1.30 min; m/z: 504 [M+H]* 



EXAMPLE 47 




2-(Oxalvl-amino)-5-(1 . 1 .3-trioxo-1 .3-dihvdro-1 H-benzord1isothiazol-2-vlmethvlM.7-dihvdro- 
5H-thienof2:3-clPvridine-3-carbbxvlicacid " 

and ' . ■ . . ' • ■ ^ " . ' 

2-(Oxalvl-amino)-7-( 1.1 .3-trioxo-1 .3^ihvdro-1 H-benzord1isothiazol-2-vlmethvl)^.7-dihvdro- 
5H-thienof2.3-clPvridine-3-carbQxviic acid 

To a solution of 2raminomethyl-4r(2-spiro[1.3IdioxoIane)-piperidine (193 mg, 1.12 mmol) and 
diisopropyl ethylamin (0.46 ml. 2.55 mmol) in acetonitrile (10 nnl) cooled to 0 '^C was added 



wo Ot/19830 PCT/DK00/0()502 

114 

2-chlorosulfonyl-benzoic acid methyl ester (278 mg . 1,18 mmol). The solution was stirred at 
25 °C for 24 hours. Solvent was removed in vacuo and the residue was chromatographed 
using a mixture of ethyl acetate/hexane (1 :3) as eluent, which afforded 199 mg (51 %) of 2- 
(4-(2-spiro[1 ,3]dioxolane)piperidin-2-ylmethyl)-1 . 1 -dioxo-1 ,2-dihydro-1 H-ben2o[d]isothlazol-3- 
5 one as a solid. 

'H-NMR (CDCy: 5 7.99-7.96 (m, 1H), 7.66-7.53 (m, 3H), 5.01 (s, 1H). 4.73 (dm. 1H, 
J r: 14.4 Hz), 4.06-3.93 (m, 6H), 3.25 (dd, 1H, J = 12.6 Hz), 3.06 (td, 1H, J = 13.5 Hz and J = 

3.6 Hz), 1.93 (dd, 1H. J = 14.1 Hz and J = 5.7 Hz). 1.87 (dd, 1H, J = 14.1 Hz and J = 3.0 Hz), 
1.76 (dd. 1H, J = 13.5 Hz and J = 5.1 Hz). 

10 LC-MS: R, = 1.78; m/z: 339 [M^H]*. 

2-(4-{2-Spiro[1 ,3]dioxolane)plperidin-2-ylmethyl)-1 ,1-dioxo-1 ,2-dihydro-1 H- 
benzo[d]isothlazoI-3-one (199 mg, 0.588 mmol) was dissolved in 2 M hydrochloric acid (12 
ml) and the solution was heated to 50 °C for 24 hours. The volatiles were removed in vacuo 
and the residue (341 mg) was treated without further purification with saturated sodium car- 

1 5 bonate (12 ml), dichloromethane (8 nil) and di-t-butyl dicarbonate (1 .64 g, 7.5 mmol). The 
mixture was stirred at 35 °C for 3 days and extracted with dichloromethane (30 mj). The or- 
ganic solution was washed with saturated sodium bicarbonate, brine, dried (MgS04), filtered 
and the solvent evaporated in vacuo . The residue was chronnatographed on silica gel column 
using a mixture of ethyl acetate/hexane (1 :3) as eluent. which afforded 1 1 5 mg (50 %) of 4- 

20 oxo^2-(1 , 1 ,3-trioxo-1 .3-dihydro-1 H-benzo[dIisothiazol-2-ylmethyl)-piperidine-1 -carboxylic acid 
terf-butyl ester as an oil. 

*H-NMR (CDCI3): 5 8.06 (dd, 1 H. J = 6.0, 1 .8 Hz). 7.95-7.80 (m, 3H). 5.02 (bs. 1 H), 
4.35 (bs, 1H), 3.91 (dd. 1H, J= 15.0 Hz and J = 8.4 Hz). 3.78 (dd. 1H, J= 14.7 Hz and J = 

5.7 Hz),. 3.53 (t. 1H, J= 10.8 Hz), 2.74 (dd, 1H. J = 15.0 Hz and J = 7.5 Hz), 2.60-2.38 (m. 
25 3H). 1.32(s,9H). 

To a solution of 4-oxo-2-(1 ,1 ,3-trioxo-1 ,3-dihydro-1 W-benzo[d]isothiazol-2-ylmethyl)- 
piperidine-i -carboxylic add ferf-butyl ester (115 mg. 0.292 mmol) in absolute ethanol (5 ml) 
was added t-butyl cyanoacetate (57 1, 6.41 mmol), sulfur (13 mg, 0.41 mmol) and mor- 
pholine (55 fil. 0.63 mmol). The solution was stirred at 50 °C for 14 hours. The solvent was 
30 evaporated in vacuo and the residue was chromatographed on silica gel column using a mix- 
ture of ethyl acetate/hexane (1:4) as eluent, which afforded 100 mg (62 %) of 2-amino-5- 
(1 .1 ,3^trioxo-1 ,3-dihydrD-1 H-benzo[d]isothia2oI-2-ylTO 
c]pyridine-3,Micarboxylic add di-terr-butyl ester and 2-^mi^^ 

benz6[d]is6thiazo^2-ylmethyl)-4.7-dihydrb-5H-thienQ[2.3-c]pyridi^e-3,6-dira di- 
35 te/t-butyl ster as a mixture. 
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'H-NMR (CDCia): 6 8.10-8.00 (m. 1H). 7.98-7.77 (m. 2.8H). 7.66-7.58 (m, 0.2H), 
6.11 (s. 0.4H), 6.06 (s, 0.6H), 5.59 (m. 0.2H). 5.39 (t, 0.3H. J = 5.7 Hz) 5.23 (bs. 0.3H), 5.04 
(bs. 0.4H), 4.77 (d. 0.4H. J = 14,4 Hz). 4.60 (d. 0.4H, J = 14.4 Hz). 4.45-4. 1 8 (m, 1 H), 4.02- 
3.82 (m, 1.5H). 3.64 (dd, 0.5H, J = 14.7 Hz and J = 5.2 Hz). 3.30-2.60 (m, 2H). 1.54 (s, 7H), 
1 .53 (s, 2H). 1 .26 (s. 7H). 1 ,21 (s, 2H). 

To a stirred solution of the above 2-amino-5-(1 .1 ,3-trioxo-1 ,3-dihydrp-1 H- 
benzo[d]isothiazol-2-ylmethyl)-4,7-dihydro-5H-thieno[2.3-cJpyridine-3,6-dicarboxylic acid di- 
fert-butyl ester and 2-amino-7-(1 ,1 ,3-trioxo-1 ,3-dihydro-1 H-benzo[d]isothiazoI-2-ylmethyl)- 
4,7-dihydro-5H-thieno[2,3-c]pyridine-3,6-dicarboxylic add di-tert-butyl ester mixture (100 mg, 
0.18 mmol) in acetonitrile (7 ml) was added imidazol-1-yl-oxo-acetic add tert-butyl ester (290 
mg. 1 .46 mmol) in acetonitrile (1 ml). The mixture was stirred at room temperature for 16 
hours. The solvent was removed in vacuo and the residue was taken into ethyl acetate. The 
solution was washed with 0.5 N hydrochloric add solution, saturated sodium bicarbonate, 
brine, dried MgS04)and filtered. The solvent was removed in vacuo and the residue was 
chromatographed on silicage! using a mixture of ethyl acetate/hexane (1:4) as eluent, which 
provided 98 mg (80 %) of a mixture of 2-{ferf-butoxyoxalyl-amino)-5-(1 .1 ,3-trioxo-1 .3-dihydro- 
1 H-ben2o[d]isothia20l-2-ylmethyI)-4,7-dihydro-5H-thieno[2,3-c]pyridine-3,6-dlcarboxylic add 
di-ferf-butyl ester and 2-(ferf-butoxyoxaIyl-amlno)-7-(1 .1 ,3-trioxo-1 ,3-dihydro-1 H- 
benzo[d]isothfazol-2-ylmethylH7-dihydro-5H-thieno[2,3-cIpyridine-3,6-dlcarboxylic acid di- 
te/t'butyl ester as a solid. 

'H-NMR (CDCI3): 5 12.60 (s. 0.3H). 12.54 (s, 0.7H), 8.12-8:06 (m, 1H), 7.98-7.80 
(m. 2:8H). 7.66-7.58 (m, 0.2H), 5.83 (bs, 0.1 H), 5.61 (t. 0.2H)! 5.40-4.54 (m. 0.9H). 4.53-4.40 
(m, 0.8H), 4.02-3.70 (m, 1.42H), 3.66 (dd. 0.58H, J= 14.7 Hz and J = 5.2 Hz). 3.30-2.99 (m, 
3H), i.68 (s. 6H), 1.62 (s. 6H), 1.60 (s. 6H). 1.3i(s. 4.5H). 1.25 (s. 4.5H); 
LC-MS: Rt = 4.45: m/z: 678 [M+H]*. 

To a solution of trifluoroacetic acid (4 ml) and dichloromethane (2 ml) was added the 
mixture of 2-(fe//-butoxyoxalyl-amino)-5-{1 , 1 ,3-trioxo-1 ,3-dihydro-1 H-benzo[d]isothiazol-2- 
yImethyl)-4;7-dlhydro-5H-thieno[2.3K:]pyri.dine-3,6-dfcarboxylic ad di-fert-butyl ester and 2- 
(fert-butoxyoxafyl-amino)-7-(1 ,1 ,3-trioxo-1 ,3-dihydro-1 H-benzo[diisothiazol-2-ylmethyl)-4,7- 
dihydro-5H-thieno[2,3-c]pyridine-3,6-dicarboxylic add di-ferf-butyl ester (78 mg, 0.12 mmol). 
The solution was stirred at room temperature for 24 hours, the solvent was then evaporated 
in vacuo , which afforded 50 mg (72 %) of the title compounds as a mixture of trifluoroaceta- . 
les; . 

'H-NMR (DMSO-de): 5 12.32 (s. lH), 9,75-9.20 (m, 2H). .8;40 (t, 1H, J = 6.0 Hz), 
8.22-8.02 (m. 3H). 5.d3(bs, ~0:5H), 4.52 (d. 1H). 4.38-4.10 (m, 2H). 3.88 (bs. 0.5H), 3.70-3.64 
(m.O.SH). 3.44-3.34 (m. d.SH), 3.20^2.90 (m, 2H). . . ' 
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LC-MS: R, = 1.28 min, m/z: 466 [M+Hf 

EXAMPLE 48 




7-(ffV-Carbamov^2-(oxalvl-aminoM.5.6J-tetrahvdro-thienof2.3K:1pvridine-3-carboxvlic acid 
To a solution of 2-(S)-4-oxo-piperldine-1 ,2-dicarboxyiic acid ^-tert butyl ester (18.4 g, 
75.6 mmol) and triethylamine (12.65 mL, 90.79 mmol) in tetrahydrofuran (50 mL) cooled to - 
20'C was added isobutylchloro-fomiate (11. 81 mL, 90.79 mmol) and the mixture was stin-ed 
for 1 0 min at -20**C before a 25 % solution of ammonia in water (100 mL) was added. The 
temperature was kept at -20''C for 30 min before the cooling bath was removed and the reac- 
tion mixture was allowed to reach room temperature and stirring was continued for another 
hour, the reaction mixture was extracted with ethyl acetate (6 x 50 mL) and the combined 
organic phases were dried (MgS04). The solvent was removed jn vacuo and the residue was 
purified by column chromatography (Si02, Flash 40, ethyl acetate) to give 8.51 g (46 %) of 2- 
(S)-carbamoyl-4-oxo-piperidine-1-carboxylicacid 1-te/t-butyl ester. 

A solution of 2-(S)-carbamoyl-4-oxo-p;peridine-1-carboxylic add 1-tert butyl ester 
(3.51 g, 14.48 mmol), tert-butyl cyanoacetate (2.04 g, 14.48 mmol), sulphur (0.464 g, 14.48 
mmol) and dilsopropyl ethylamine (2.5 mL, 14.48 mmol) In methanol (20 mL) was heated 16 
hours at 40"C under Nz-.The volatiles were removed in vacuo and the residue was purified 
using column chromatography (SiOa, Rash 40, petroleum ether/ethyl acetate 3:1) to give 
1.33 g (23%) of a mixture 2-amlno-5-(S)-cart)amoyl-4.7-dihydro-5H-thieno[2,3-c]pyridine-3,6- 
' dl-carbpxylic add di-terf-butyl ester and 2-amino-7-(/?)^rbamoyl-4i7-<Jihydro-5H-thieno[2,3- 
c]pyridihe-3,6-di-carboxylic add di-tert-butyl ester isomers. 

0.5 g (1 .25 mmol) of the above mixture was dissolved dichloromethane (10 rnL) and 
imidazole-1-yl-oxo-acetic acidtert-butyl ester (0.74 g, 3.77, mmol) and triethylamine (525 fiL, 
3.77 mmol) was added. The reaction mixture was stined for 16 hours at room temperature 
before the volatiles were removed In vacuo . The residue was purified by column chroma- 
tography (Siba. Flash 40, petroleum ether/ethyl acetate (4:1)) too give 75 mg (11%) of 2- 
(terf-butoxyoxalyIiarfiino)-7-(/?)-carbam^^^^ 
dicarboxylic add di-tert-butyl ester. 
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This was dissolved in a mixture of Irifluoacetic acid/dichloromethane (1 : 1 ) (1 0 mL) 
and stirred for 16 hours at room temperature before the solvent was removed in vacuo . The 
residue was reoystallized from methanol to give 24 mg (39 %) of the titje compound. 

LC-MS; Rt = 1.56 min. m/z: 314 [M+H]* 
Calculated for CnHtiNgOaS, O.25XC2HF3O2. 0 JSxHaO 
C. 38.88 %; H. 3.62 %; N, 1 1,83 %; Found: 
C, 38.92 %; H. 3.92 %; N, 11 .81 %. 



2-(Qxalvl-aminoV5-(SV(2-oxo-tetrahvdrD-thiophen-3-vlcarbamovlM.5.6.7-tetrahvdro- 



A solution of 2-^mino-4 jHjihydrch5H-thienb[2,3H;]pyridine-3,5-(S),6-tri-cartx)xylic add 3,6-di- 
teft-butyl ester (0.30 g, 0.75 mmol) and triethylamine (0.21 mL. 1.51 mmol) in tetrahydrofuran 
(10 mL) was cooled to -20'C before isobutyl chloroformate (103 nL, 0.75 mmol) was added. 
The reaction mixture was stirred 15 min at -20"C before homocystein hydrochloride (116 mg, 
0.75 mmol) was added. The cooling bath was removed and the reaction mixture was left for 
16 hours at room temperature. The solvent was removed in vacuo and the residue was 
subjected to column chromatography (Si02, Flash 40, heptane/ethyl acetate 2:1) to give 212 
mg (56%) of 2-^mino-5-(S)-(2-<)xo-tetrahydro-thiophen-3-ylcarbamoyl}-4 J-dihydro-5H- 
thieno[2.3-c]pyridlne-3.6-dicarboxyJic add di-ter/-butyl ester 

A solution of 2-amino-5-(S):(2-oxo-tetrahydro-thiophen-3-ylcarbamoyl)-4,7-dihydror5W- 
thieno[2,3-c]pyridine-3,6-dicarboxylic add di-terf-butyl ester (200 mg^ 0.40 mmol). imidazole- 
1 -yl-oxo-acetic add tert-butyl ester (235 mg, 1 .20 mmol) and triethylamine (1 68 jiL, 1 .20 
mmol) in dichloromethafne (10 mL) was stirred for 16 hours at room temperature before the 
solvent was removed jn vacuo : The resijdue was purified by cojumn chromatography (Si02. 
Flash 40, heptane/ethyl acetate 2:1) to give 250 mg (100%) of 2.(terf-butoxyoxalyl-amino)-5- . 
(SH2-oxo-tetrahydro^thiophen-3-yIcarbanrTGyl)-4,7Hjihydrc>-5>^threnoP 
dicarboxylic add di-te/t-butyl ester. 

This was dissolved in a mixture of trifluoroacetic add/dichlqromethane (1 :1 ) (3 mL) and 
stin;e^d for 16 hours at room temperature before diethyteth r (6 mL) was added. The precipi- 



EXAMPLE 49 




thienof2.3-c1pvridine-3-carboxvlic add 



WO01/19K30 PCT/DK(H)/(H)502 

118 

tate was filtered off and washed with diethyl ether to give 172 mg (81%) of the title compound 

as a solid trifluoroacetate. -■ 

LC-MS; Rt = 0.41 min, m/r 414 [M+Hr 

Calculated for CtsHtsNaO/Sz, 1 .SxCzHFaOj. H2O; 

C, 35.88 %: H. 3.10 %; N. 6.97 %; Found: 

C, 35.91 %; H, 3,54 %; N, 6.97 %. 



EXAMPLE 50 




2-^Oxalvl-amirio)-5-(S)-phenvlcarbarnovl-4.5.6J-tetrahvdro4hienQr2.3-clPvridrrie-3-<arbow^ 
acid 

A solution of 2-amino-4,5,6 J-teticihydro-thieno[2.3-c]-pyridine-3,5-(S),6-tricarboxyIic acid 
3,5-di-ferf-butyl ester (300 mg, 0.75 mmol) and triethylamine (210 yL, 1.51 mmol) in telra- 
hydrofuran (10 mL) was cooled to -20'*C before isobutyichlorofonnate (103 mg, 0.75 mmol) 
was introduced. The reaction mixture was stirred for 20 min before aniline (70 mg, 0.75 
mmol) was added. The cooling bath was removed and the reaction was left for 16 hours at 
room temperature before the solvent was removed in vacuo . The residue was partitioned 
between ethyl acetate (50 mL) and water (50 mL). The organic phase was dried (MgS04) 
and the solvent was removed In vacuo . The residue was dissolved in dichloromethane (10 
mL) and imidazole-1-yl-oxo-acetic add ferf-butyl ester (443 mg, 2.26 mmo!) and triethylamine 
(315 (iL, 2.26 mmol) was added; The reaction mixture was stirred 16 hours at room tempera- 
ture before the solvent was removed in vacuo . The residue was purified by column chroma- 
tography (SiOz, Flash 40, heptane/ethyl acetate (3:1) to give 250 mg 2-(fert-butoxyoxalyl- 
amino)-5-(S)-pheny!carbamoyI-4.7-dihydr6-5H-thieno(2,3-c]pyridine-3.6-dicarto add di- 
tert-butyl ester. 

2-(fe/t-Butoxyo)calyl-amlno)-5-(S)-phenyIcarbamoyW,7-dihydro-5/T^thieno[2,^^ 
c]pyridine-3,6Hdicart)oxylic add di-ferf-butyl ester was dissolved in a mixture of trifluoroacetic 
add/dichioromethane (1:1) (3 mL) arid stirred for 16 hours at room temperature before di- 
ethyl ether (6 mL) was added, the predpitate was filtered off and washed with diethyl ether 
to give- 1 55 mg (41 %) of the title comoound as a solid trifluoroacetate. . 
LC^MS;. R| = 0:86 min/m/z: 390 [M+H]* 
baicuIatedforCi/HisNaOeS. 1.5xC^HF302, H2O; : 
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C. 41.53 %: H, 3.22 %; N. 7.26 %; Found: 
C. 41.77 %; H. 3.29 %; N. 7.28 %. 



EXAMPLE 51 

2-(Oxalvl-am(no)-7-(/?>-phenvlcarbamovt-4.5.6.7-tetrahvdro-thienof2.3-c1pvridi 
add 

To a solution of 2-(S)-4-oxo-piperidine-1 ,2-dicarboxylic add l-tert butyl ester (2.06 g, 8.47 
mmol) and trielhylamine (1 .42 mL, 10.16 mmol) in tetrahydrofuran (20 mL) cooled to -20''C 
was added Isobutylchloroformate (1.39 g, 10.16 mmol) and the mixture was stin^d for 10 min 
at -20'C before aniline (946 mg, 10.16 mmol) was added. The cooling bath was removed 
and the reaction mixture was stirred for 16 hours at room temperature before the solvent was 
removed in vacuo . The residue was divided between water (50 mL) and ethyl acetate (50 
mL). The organic phase was washed with saturated sodium chloride (25 mL) and dried 
(MgS04). After filtration and concentration jn vacuo the residue was purified using column 
chromatography (SIO2, Rash 40, petroleum ether/ethyl acetate 5:1) to give 1.3 g (48%) of 4- . 
oxo-2-(S)-phenyl-carbanioyl-piperidine-1-carboxylicadd terf-butyi ester. 

A solution of 4-oxo-2-(S)-phenylcarbamoyl-piperidihe-t-carboxylic add terf-butyl es- 
ter (1.3 g. 4.08 mmol), ^ert-butylcyanoacetate (0.58.g, 4.08 mmol), sulphur (0.133 g. 4.08 
mmol) and diisopropyl ethylamlne (0.7 mL, 4.08 mmol) in methanol (10 mL) was heated un- 
der nitrogen to 40 **C for 16 hours before the solvent was removed in vacuo . The residue was 
subjected to column chnDmatographyXSiO?, Flash 40, petroleum ether/ethyl acetate 6:1) to 
give 0.70 g (36%) of a mixture of 2-amino^5-(S)-phenylcarbamoyl-4,7-dihydro-5H-thieno[2,3- 
c]pyridine-3.6-di-carboxylic add dl-tert-butyl ester and 2-amino-7-(R)-phenylcarbamoyl-4,7- 
dihydro-5H-thienoI2,3-c]pyridine-3,6-di-carboxylic add di-terf4)utyl ester isomers. - 

The above mixture was dissolved in dichtoromethane (20 mL) and imldazole-1-yl- 
oxo-acetic acid terf-butyl ester (872 mg, 4,44 mmol) and triethyjamine (61 8 ^iL, 4.44 mmol) 
was added. The reaction mixture vyas stirred 16 hours before the solvent was removed jn ya: 
cuo and the residue was subjected to column chromatography (SiOa, Flash 40, petroleum' 
ether/ thyl acetate 5:1 ) to give .0.50 g (56%) as a mixture of 2-(fe/t-butoxyoxalyl^mino)-5- 
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(S)-pheny!carbamoyl-4,7-dihydro-5H-thieno[2,3-c]pyridine-3,6-di-carboxy!ic acid di-ferf-butyl 
ester and 2-(fe/t-butoxyoxalyl-annino)-7-(/?)-phenyIcarbamoyl-4,7-dihydro-5H-thieno[2.3- 
c]pyridine-3,6-di-carboxylic acid di-te/t-butyl ester. 

300 mg of the mixture was dissolved in a mixture of trifluoacetic 
acid/dichloromethane (1:1) (6.0 mL) and the solution was stirred for 16 hours at room tem- 
perature before the solvent was removed in vacuo . The residue was purified on preparative 
HPLC to give 70 mg (34%) of the ytte compound as a solid trifluoroacetate. 

LC-MS; Rt = 0.95 min, m/z: 390 [M+H]* 
Calculated for CiyHisNaOeS, C2HF3O2. H2O; 
C, 43.77 %; H, 3.48 %; N, 8.06 %; Found: 
C, 43.92 %; H, 3.44 %; N. 7.97 %. 




5-f/?).7-(ffVBIs-benzvloxvmethvl-2-(oxaM-aminoV4.5.6.7-tetrahvdro-thienor2.3-clDvridine-3- 
carboxvlic add 

Benzyloxyacetaldehyde (0.90 g; 6.0 mmol) and dimethyl (2-oxomethyl)-phosphonate (1.0 g; 
6.0 mmol) were dissolved in a mixture of tetrahydrbfuran (25 ml) and water (20 ml). 1N 
Aqueous potassium hydroxide (6 ml) was added and the mixture was stirred for 30 min. Di- 
chloromethane (50 ml) was added and the organic phase was separated, dried (MgS04) and 
evaporated ]n vacuo leaving 5-ben2yloxypent-3-en-2-one. 

'H-NMR: (CDCI3): 5 2.25 (s. 3H): 4,19 (dd. 2H); 4.55 (s, 2H); 6.34 (dt; 1H): 6.70 (dt. 1H); 7.26 
(m.5H). . . . . , 

Srhenzyloxypent-S-enra-one was dissolved in methanol (5 ml) and ammonium ace- 
tate (1 3 mmol, 1 ,03 g) was mixted together with benzyloxyabetaldehyde (1 .8 g; 1 2 mmol) 
and acetic acid (0.69 nril) and the mixture was stirred for 2 days. The solvent was removed in 
vacuo and the residu was chronriatographed.on silica using gradient etution from 100 % di- 
chloromethane to '100 % ethyl acetate.. A faction (41 1 mg) contained (according to LC-MS; . 
rn/2.340:4>2,5-dl(benzyloxymethyl)-4;^piperidone.in an impure state was isolated. The crude 
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mixture was dissolved in ethanol (3 nil) and tert-butylcyanoacetate (400 mg), sulfur (100 mg) 
and triethylamine was added and the mixture was stirred at room temperature overnight. The 
mixture was filtered and the solvent removed in vacuo . The residue was chromatographed 
on silica in a mixture of dichIoromethane/(7% of 25% aqueous ammonia in ethanol) (40:1), 
which afforded 0.14 g of 2-amino-5-(R),7-(/?)-bis-benzyloxymethyl-4,5,6.7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxyljc acid terf-butyl ester as an oil. 
LC-MS: Rt: 6.03 min; m/z: 495.2 [M+Hr , 

2-Amino-5-(/?),7-(R)-Bis-ben2yloxymethyl -4,5,6,7-tetrahydro-thieno[2,3-c]pyridine- 
3-carboxylic add tert-butyl ester (0.14 g; 0.28 mmol) was dissolved in dichloromethane (5 ml) 
and treated with imidazol-1-yl-oxo-acetic acid terf-butyl ester (0.1 g; 0.5 mmol) and triethyl- 
amine (70 ^i; 0.5 mmol), and stirred overnight, washed with water, dried (MgSO^ and the 
solvent removed in vacuo . The residue was chromatographed on silica using ethyl ace- 
tale/dichloromethane (1:3) as eluent The residue was treated with trifluoroacetic acid (0.5 
ml) in dichloromethane (0.5 ml) and stirred for 4 hours. Evaporation of the solvent in vacuo 
afforded 37 mg of the titie compound . 
LOMS: Rt: 4.74 min; m/z: 51 1 .4 [M+H]*. 



EXAMPLE 53 




6-Benzvt-2-(oxaM-amino)-5-(1 .1 .3-trioxo-1 .3-dihvdro-1 .6-benzord1isbthiazol-2-vlmethvjV 
4.5.6.7-tetrahvdro-thienof2.3-clPvridine-3-carboxvlic add 

1-Ben2yi-4-oxo-piperidine-2-cartooxylic add ethyl ester (2.9 g; 11.1 mmol) (prepared in a 
similar way as described in "GENERAL CHIRAL SYNTHESIS" for 4-oxo-1-((S)-1-phenyl- 
ethyl)-piperidine-(f?)-2-carbo)^ic add ettiyl ester using behzylamine instead of 1 -(S)- 
phenethylamine) was dissolved in abs. ethanol (50 ml) and sulfur (0.35 g, 1 1 . 1 mmol), 
triethylamine (1 .6 ml, 11 .1 mmol), and terf-butylcyanoaeetate (1 .7 g. 1 1.1 mmoi) were added 
and the rnixture was stirred 2 days at room temperature. The solvent was removed in vacuo 
and the residue vsras chromatographed on silica using a mixture of ethyl adetate/heptane 
(1:4) as eleuent teaving a mixture (700 mg; 1:1 based.oh NMR) of 2-amino-6-benzyl-4,5,6,7- 
tetrahydro-thieno[2.3^Jpyridine-3,7KJIcarboxvrtic add>^^ ester-7-ethyl ester and 2- V 
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amino-6-benzyl-4,5,6,7-tetrahyclro-thieno[2,3-c]pyridine-3,7-dicarboxylic acid 3-^e/^-butyl es- 
ter 5-ethyl ester which was used in the next step without separation. To this mixture was 
added tetrahydrofuran (5 ml) and iithium bbrohydride (1.1 m! of a 2M sotution In tetrahydrofu- 
ran) and the mixture was stirred 18 hours. More lithium borohydride (5.0 ml of a 2M solution 
in tetrahydrofuran) was added and the mixture stirred for an addttiona 4 days. Ethyl acetate 
(10 ml) was added dropwise and after 1 hour the mixture was poured onto water (100 ml) 
and extracted with dichloromethane (2 x 100 ml) and chromatographed on silica (using ethy- 
lacetate/heptane 1:1 as eluent), which afforded a mixture of 2-amino-6-benzyl-7- 
hydroxymethyl-4,5,6.7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add te/t-butyl ester and 
2-amino-6-benzyl-5-hydroxymethyl-4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxyIIc acid 
tert-bu\y\ ester (in total 187 mg). To this mixture was added dry tetrahydrofuran (10 ml). 2,3- 
dlhydro-1.2-benzisothiazol-3-one-1,1-dioxide (100 mg; 0.55 mmol), triphenylphosphine (144 
mg 0.55 mmol) and the mixture was cooled with ice. Diethyl azodicarboxylate (86 ^1) was 
added and the mixture was stirred overnight at room temperature. The solvent was evapo- 
rated in vacuo and the residue was chromatographed on silica using a mixture of ethyl ace- 
tate/heptane (1:1) as eluent leaving 94 mg of 2-amino-6-ben2yl-5-(1 ,1,3-trioxo-1 ,3-dihydro- 
1,6-benzo(d]isothla20l-2-ylmethyl)-4,5,67-tetrahydro-thieno[2.3-c]pyridine-3-carboxyIicacid 
fert-butyl ester. 

'H-NMR: (CDCI3): 5 1.52 (s, 9H); 2.75 (dd. IH); 2.90 (dd. 1H); 3.55 (d, 1H); 3.72 (m, 
4H); 3.94 (d. 1 H); 4.12 (d. 1 H); 5.97 (s, 2H); 7.14-7.37 (m, 5H); 7.80-8.03 (m. 4H). 
LC-MS: R, 5.47 min, m/z: 540.4 [M+H]* 

2-Amino-6-benzyl-5-(1 ,1 ,3-trioxo-1 ,3-dihydro-1 ,6-benzo[d]isothiazol-2-ylmethyl)- 
4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxyIic acid /erf-butyl ester (94 mg; 0.17 mmol) 
was dissolved in dichloromethane (5 ml) and treated with imidazol-1-yl-oxoacetic acid tert- 
butyl ester (0.07 g; 0.3 mmol) and triethylamine (49 pd\ 0.3 mniol), and stimed overnight; 
washed with water, IN aqueous citric add, dried (IWgSOO and the solvent removed in vacuo 
leaving 104 mg of 2-(fe/t-butoxyoxalyl-arTiino)-6-benzyl-5^(1.1,3-trioxo-1,3-dihydrch1,^^ 
benzo[d]isothia2ol-2-ylmethyl)-4.5.6,7-tetrahydrD-thieno[2.3^]pyridine-3-cart)o add tert- 
bulyl ester as an oil. 

LC-MS : R* : 5.50 min. m/z: 668.6 [M+H]* . , 

2-(tert-Butoxyoxalyl-anriino)-6-benzyl-5-(1 . 1 ,3-trioxo-1 ,3Kjihydrch1 ,6^ 
benzo[d]isothiazol-2-ylmethyl)-4,5,6.7-telrahydro-thlend[2/3-c]i3yridin^ acid tert- 

butyl ester (1 00 mg; 0. 1 5 mmol) was treated with trifluoroacetic add (1 m) in dichloro- 
methane (4 ml) and stirred for 2 days. Evaporation of the solvent in vacuo afforded 90 mg of 
the title compound as a solid trifluoroac^tate. ' ^ - 
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Cafe, for CjsHziNaOflSj. 1 .5XC2HF3O2, O.SxHaO 
C, 45.72%: H. 3.22%; N, 5.71%. Found: 
C, 45.48%; H, 3.46%: N. 5.72% 
LC-MS: Rt: 4.16 min; m/z: 556.2 [M+Hf 
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CLAIMS 



1 . A compound of Formula 1 



5 




Formula 1 



wherein 
n is 0, 1 or 2; 
10 mis 1 or 2; 
XisSorO; 

Ri is hydrogen or COOR3, or Ri is selected from the group consisting of the following 5- 
membered heterocycles: 

15 




•OH 




OH 





OH 






O 



R2 is hydrogeri, CrCeaikyl, hydroxy or NRaRg;' 

R3 is hydrogen, Ci-CealkyI, arytCi-Cealkyi. Ci-CsalkylcarbbnytoxyCi-Gaalkyl.or Ci- 
.20 CealkyfcarbonyloxyarylCi-Ceaikyl; 
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R4, Rsand Re are independently hydrogen, trihalomethyl, d-Cealkyl, aryl, arylCi-Cealkyl, hy- 
droxy, 0x0. carboxy, carboxyCi-CsalkyI, Ct-Cealkyloxy-carbonyl. aryloxycarbonyl, arylCi- 
Ceatkyloxycarbonyl, CrCgalkyloxy, Ci-CealkyloxyCrCealkyl. aryloxy, aryiCi-Cealkyloxy, 
arylCi-CflalkyloxyCrCsalkyl, thio, C-Cealkyl-thio, CrCealkylthioCi-CeaikyI, arylthio. arylCr 
CoaJkylthio. arylCi-CsalkylthioCi-Cealkyl. NRaRe, ReRgNCi-CealkyI, Ci-CealkylaminoCi- 
Cgalkyl, arylanninoCi-CealkyI, aryiCi-CealkylaminoCrCealkyl. di(arylCi-C6alkyl)aminoCr 
Cealkyl, Ci-Cealkylcarbonyl, Ci-CealkylcarbonylCi-CealkyI, aiylCi-Cealkylcarbonyl, arylCi- 
CealkytcarbonylCi-Cealkyl, Ci-Cealkylcarboxy, Ci-CQalkylcarboxyCrCQ-alkyI, arylcarboxy, 
arytcarboxyCi-CealkyI, arylCi-Cealkylcarboxy, arylCi-Cealkyl^rboxyCi-Ceaikyl. Ci- 
Cealkylcarbonylamino, CrCealkylcarbonylanninoCi-CBalkyI, -carbonylNRaCrCsalkylCORis, 
arylCi-Cealkylcarbonylamino, arylCrCealkyl-carbonylaininoCi-CealkyI, arylcarbonylaminoCi- 
Cealkyl, CONRsRg, or Ci-Cgalkyl-CONRflRB wherein the alkyi and aryl groups are optionally 
substituted as defined in the definition section and R12 is NRaRg. or Ci-CealkylNReRg; 

R7 is hydrogen, Ci-Cealkyl. aryl, arylCt-Csalkyl, d-Csalkylcarbonyl, Ci-Cealkyloxocarbonyl, 
arylcarbonyl, aryloxocarbonyl, arylCi-Coalkylcarbonyl, arylCi-Cealkyloxocarbonyl, Ci- 
Csalkylcarboxy. arylCi-Cealkylcarboxy, RioRnNcarbonylCi-Cealkyl wherein Rio and Rn are 
independently selected from hydrogen, Ci-CealkyI, aryl, arylCi-Cealkyi, Ci-Csalkyl-carbonyl. 
arylcarbonyl. arylC-Cealkylcarbonyl. Ci-Cgalkylcarboxy or arylCi-Cealkylcarboxy; wherein the 
alkyI and aryl groups are optionally substituted as defined in the definition section; 

Ra and Rg are independently selected from hydrogen, Ci-Cealkyl, aryl, arylCi-CealkyI, Ci- 
Cealkylcarbonyl, Ci-Cealkyloxocarbonyl, arylcarbonyl, aryloxocarbonyl, arylCi- 
Caalkytcarbonyl, arylCi-Cealkytoxocarbonyl, Ci-Cealkylcarboxy. arylCi-C^lkylcarboxy, 
RioRiiNcarbonylCt-Cealkyl wherein the alkyt and aryl groups are optionally substituted as 
defined in the definition section; or , 
Ro and Rg are together with the nitrogen to which they are attached forming a saturated, par- 
tially saturated or aromatic monocyclic, bicyclic or tricyclic ring system containing from 3 to 
14 cartxjn atoms and from 0 to 3 additional heteroatoms selected from nitrogen, oxygen or 
sulphur, the ring system can optionally be substituted with at least one Ci-Cealkyl. aryl. 
arylCi-Cealkyli hydroxy, 0x0, Ci-Csalkyloxy. arylCi-Cealkyloxy, C-CealkylbxyCrQeaikyl, 
NR10R11 or CrCealkyl-aminoCi-Caalkyl. wherein R,o and Riiare independently selected from 
hydrogen. d-Cealkyl, iaryli arytd-Csalkyl, Ci-Csalkylcarbpnyl, arylcarbonyl, arylCi- . 
Ceaikyicartjonyl, Qi-Caalkylcartioxy or arylCi-Csalkylcarboxy; wherein the alkyl and ary! . . 
groups are optionally substituted as defihed in the definition section; or . 
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Re and R9 are independently a saturated or partial saturated cyclic 5, 6 or 7 membered ami- 
ne, imide or lactam; 

or a salt thereof with a pharmaceutically acceptable acid or base, or any optical isomer or 
mixture of optical isomers, including a racemic mixture, or any tautomeric form, or prodrug 
thereof. 

2. A compound of Formula 1 * 



wherein 
n is 0. 1 or 2; 
m is 1 or 2; 
XisSorO; 

Ri is hydrogen or COORa. or Ri is selected from the group consisting of the following 5- 
membered heterocycles: 




Formula 1 





•OH 





OH 




OH 
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R2 is hydrogen, Ci-Cealkyl. hydroxy or NRsRg; 

R3 is hydrogen, Ci-Cealkyl, arylCi-Cealkyl, Ci-CealkylcarbonyloxyCi-CealkyI or Ci- 
CealkyicarbonyloxyarylCi-Cealkyl; 

R4, R5 and Re are independently hydrogen, trihalomethyl, Ci-CealkyI, aryl. arylCi-Cealkyl, hy- 
droxy, 0x0, carboxy, carboxyCi-Cealkyl, Ci-Cealkyloxy-carbonyt, aryloxycarbonyl, arylCi- 
Cealkyloxycarbonyl, CrCealkyloxy, Ct-CealkyloxvCrCealkyt, aryloxy, arylCi-Cealkyloxy, 
arylCi-CealkyloxyCi-CealkyI, thio, Ci-Cealkyl-thio, Ci-CealkylthioCi-CealkyI, arylthio, arylCi- 
Cealkylthio, arylCi-CeaikyllhioCi-Cealkyl, NRsRg, Ci-CealkytaminoCi-CealkyI, arylCi- 
CaalkylaminoCi-Cealkyl, dKarylCi-CealkyljaminoCi-CealkyI, Ci-Cealkylcarbonyl, Ci- 
CealkylcarbonylCi-CQalkyl. arylCi-Cealkylcarbonyl, arylCi-CealkylcarbonylCi-CealkyI, Cf 
Cealkyl-carboxy, Ci-CealkylcarboxyCi-Ce-alkyI, arylcarboxy, arytcarboxyCi-Csalkyl. arylCi- 
Cealkylcarboxy, arylCi-CealkylcarboxyCi-Cealkyf, Ci-Cealkylcarbonylamino, C,- 
CealkylcarbonylaminoCi -CealkyI, -carbonylNRaCi-CealkylCORiz, arylCi-Cealkylcarbonyl- 
amino, arylCrCealkylcarbonylaminoCi-CealkyI, CONRbRq, or Ci-Cealkyl-CONReRa wherein 
the alkyi and aryl groups are optionally substituted and R12 is NReRg, or Ci-CealkyiNRflRs; 

R7 is hydrogen, Ci-CealkyI, aryl, arylCi-CealkyI, Ci-Cealkylcarbonyl, Ci-CeaIkyIoxocarbonyl, 
arylcarbonyl, aryloxocarbonyl. aryiCi-Cealkylcarbonyl. arylCi-Cealkyloxocarbonyl, Ci- 
Cealkylcarboxy, arylCi-Cealkylcarboxy, RioRnNcarbonylCi-Cealkyl wherein Rio and Rn are 
Independently selected from hydrogen, Ci-Cealkyl, aryl, arylCi-Csalkyl, Ci-Cealkylcarbonyl, 
arylcarbonyl, arylCi-Cealkylcarbonyl. Ci-Cealkylcarboxy or arylCi-Csalkylcarboxy; wherein the 
alky) and aryl groups are optionally substituted; 

Re and Rg are independently selected from hydrogen, Ci-Cealkyl, aryl, arylCi-Cealkyl. Ci- 
Cealkylcarbonyl, Ci-Cealkyloxocarbonyl. arylcarbonyl, aryloxocarbonyl, arylCi- 
Cealkylcarbonyi, arylCi-CealkyloxbcarbNonyl. Ci-Csalkylcarboxy, arylCi-Cealkylcarboxy, 
RioRiiNcarbonylCi-Cealkyl wherein the alkyI and aryl groups are optionaJIy substituted; or 
Rie and R9 are together with the nitrogen to which they are attached fomiing a saturated, par- 
tially saturated or aromatic cyclic, bicyciic or tricyclic ring system containirig from 3 to 14 car- 
bon atoms and from 0 to 3 additional heteroatoms selected from nitrogen, oxygen or sulphur, 
the ring system can optionally be substituted with at least one Ci-Cealkyt, aryl, arylCt-Cealkyl. 
hydroxy, oxo, d-Cealkyfoxy, arylC,-CeaIkyloxy, Ci-CealkyloxyCi-CQalkyl. NRioRit or d- 
CealkylaminoCi-Cealkyl, wherein Ri© and Rn are independently selected from hydrogen, d- 
Cealkyl, aryi. arylCi-Cealkyl. Ci^Cealkylcarbonyi, arylcarbonyl; arylCt-Cealkylcarbonyl. Ci- ^ 
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Csalkylcarboxy or arylCi-Cealkylcarboxy; wherein the alkyl and aryl groups are optionally 
substituted ; or 

Ra and Rg are independently a saturated or partial saturated cyclic 5, 6 or 7 membered ami- 
ne, imide or lactam; 

or a salt thereof with a pharmaceutically acceptable acid or base, or any optical isomer or 
mixture of optical isomers, including a racemic mixture, or any tautomeric form. 

3. A compound according to claim 2 wherein X is sulphur. 

4. A compound according to claim 3 wherein Ri Is COOR3 and R2 is hydrogen; wherein R3 is 
defined as above. 

5. A compound according to claim 4 wherein n and m are 1 . 

6. A compound according to claims 4 or 5 wherein R5 is Ci-CealkytNRaRa. 

7. A compound according to claim 6 wherein R4 and Ra are hydrogen. 

8. A compound according to daim 3 wherein Ri is 5-tetrazoIyl, R2 is 
hydrogen, and R5 is Ci-CealkylNReRQ. 

9. A compound according to claim 4 or 5 wherein Re is Ci-CeaikylNRflRg. 

10. A compound according to claim 9 wherein R4 and R5 are hydrogen. 

1 1. A compound according to claim 3 wherein Ri is 5-tetrazolyl, R2 is hydrogen; and Ra is d- 
CealkylNRflRg. 

12. A compound according to daim 3 wherein and.Ra are 

CrCsalkylNRaRs. / ; 

13. A compound according. to daim 12 wherein Ri is CdORa and R2 is 
hydrogern wherein R3 is defined as above. ^ 

14. A compound according to daim 13 wherein n and m are 1. 
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15. A compound according to claim 12 wherein Ri is 5-tetrazolyl. 

16. A compound according to claim 6 and 7 wherein Ra and Rg are together with the nitrogen 
to which they are attached fomiing a partially saturated bicyclic ring system containing 8 car- 
bon atoms, the ring system being optionally substituted with two oxo groups. 

17. A compound according to claim 16 wherein the ring system Is isoindolyl. 

18. A compound according to daim 17 wherein R/ is Ci-Cgalkyloxocarbonyl. 

19. A compound according to claim 9 and 10 wherein Ra and Rg are together with the nitro- 
gen to which they are attached fonming a partially saturated bicyclic ring system containing 8 
carbon atoms, the ring system being optionally substituted with two oxo groups. 

20. A compound according to claim 19 wherein the ring system is isoindolyl. 

21 . A compound according to daim 9 and 10 wherein Rb and Rq are together with the nitro- 
gen to which they are attached fonming a partially saturated bicydic ring system containing 7 
carbon atoms and one sulfur atom, the ring system being optionally substituted with three 
0X0 groups. 

22. A compound according to claim 21 wherein the ring system is 2,3-dihydro- 
benzo[d]iosthiazolyI. 

23. A compound according to daim 9 and 10 wherein Rg and Ro are together with the nitro- 
gen to which they are attached fonming a partially saturated t)icydic ring system containing 7 
carbon atoms and one sujfur atom, the ring system being optionally substituted with two oxo 
groups. 

24. A compound according to daim 21 wherein the ring system is 2,3-dihydro- 
benzoid]iosthiazolyl. - '-^[ 

25. A compound acconJing to daim 20 wh rein R7 is Ci-Cealkylox^ 
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26. A compound according to claim 9 and 10 wherein Rs and Rg are together with the nitro- 
gen to which they are attached forming a partially saturated bicyclic ring system containing 8 
carbon atoms, the ring system being optionally substituted with one oxo group. 

27. A compound according to claim 22 wherein the ring system is optionally substituted 
isoindolyl. 

28. A compound according to claim 22 wherein the ring system is optionally substituted 1- 
0X0-1 .3-dihydro-lsoindolyl. 

29. A compound according to claim 22 wherein R7 is Ci-Cealkyloxocarbonyl. 

30. A compound according to claims 4 or 5 wherein R5 and Re are CrCealkylNReRg. 

31 . A compound according to any one of the preceding claims wherein X is sulphur. 

32. A compound according to any one of the preceding daims wherein Ri is COORa and R2 
ishydmogen; wherein R3 is defined as above. 

33. A compound according to any one of the preceding claims wherein n and m are 1 . 

34. A compound according to any one of the preceding claims wherein Re Is Ci- 
CealkylNRaRg. 

35. A compound according to any one of the priecedihg daims wherein R4 and Re are hydro- 
gen. , 

36. A compound according to any one of the preceding claims wherein R^ is 5-tetrazolyl. R2 
is hydrogen, and R3 is Ci-CealkylNReRg. 

37. A compound according to any one of the preceding daims wherein Re is d- 
CealkylNRflRg. / - 

38. A compound acojrding to any one of the preceding dairns wherein R4 and R5 are hydro- 
gen. 
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39. A compound according to any one of tine preceding claims wherein R, is S-tetrazoIyi, Rj 
is hydrogen, and Re is CrCealkylNRaRg. 

40. A compound according to any one of the preceding claims wherein R5 and Re are d-. 
CealkylNRflRg. 

41. A compound according to any one of the preceding claims wherein R, is COOR3 and Rj 
is hydrogen: wherein R3 is defined as above. 

42. A compound according to any one of the preceding claims wherein n and m are 1. 

43. A compound according to any one of the preceding claims wherein Ri is 5-tetrazolyl. 

44. A compound according to any one of the preceding daimswherein Ra and R9 are together 
with the nitrogen to which they are attached fomning a partially saturated bicyclic ring system 
containing 8 carbon atoms, the ring system being optionally substituted with two 0x0 groups. 

45. A compound according to any one of the preceding claims wherein the ring system is 
isoindolyl. 

46. A compound according to any one of the preceding claims wherein R7 is Ci-Cgalkyloxo- 
carbbnyl. > 

47. A compound according to any one of the preceding daims wherein Ra and R9 are to- 
gether with the nitrogen to which they are attached fomiing a partially saturated bicyclic ring 
system containing 8 carbon atoms, the ring system being optionally substituted with two 0x0 
groups. 

48. A compound according to any one of the preceding daims wherein the ring system is 
isoindolyl. 

49. A compound according to any one of the preceding daims wherein Ra and R9 are to- '■' 
gether with the nitrogen to which they are attached forming a partially saturated bicydic ring 
system containing 7 carbon atoms and one sulfur atom, .ttie ring system being optionally 
substituted with three 0x0 groups. 
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50. A compound according to any one of the preceding wherein the ring system is 2,3- 
dihydro-ben20[d]iosthiazolyl. 

51. A compound according to any one of the preceding claims wherein Rg and Rg are to- 
gether with the nitrogen to which they are attached forming a partially saturated blcyclic ring 
system containing 7 carbon atoms and one sulfur atom, the ring system being optionally 
substituted with two oxo groups. 

52. A compound according to any one of the preceding claims wherein the ring system is 
2,3-dihydro-benzo[d]iosthiazolyl. 

53. A compound according to any one of the preceding claims wherein R7 is Ci-CQalkyloxo- 
carbonyl. 

54. A compound according to any one of the preceding claims wherein Ra and R9 are to- 
gether with the nitrogen to which they are attached fomiing a partially saturated bicyclic ring 
system containing 8 carbon atoms, the ring system being optionally substituted with one 0x0 
group. 

55. A compound according to any one of the preceding claims wherein the ring system is op- 
tionally substituted isotndolyl. 

56. A compound according to any one of the preceding claims wherein the ring system is op- 
tionally substituted l-oxo-1 ,3-dihydroHsoindolyl. 

57. A compound according to any one of the preceding claims wherein R7 is Ci-Cealkyloxo- 
carbonyl. 

56. A compound according to any one of the preceding claims wherein R5 and Re are Ci- 
CsalkylNRaRg. 

59. A compound according to any one of the preceding claims wherein R5 is 1 ,3rdihydrx>- 
isoindol, substittited with 1 or 2 0x0 groups at the atom positions adjacent to the nitrogen 
atom and optionally substituted with hydroxy. Gi^alkyloxy. aryICi.6-aIky!oxy or Ci^- 
alkylcartoxy, and wherein R7 is hydrogen; alkyl. alkyloxycart>o.nyI, arylalkyi or aryl wherein 
aryl is optionally substituted, with methoxy. 
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60. A compound according to any one of the preceding claims wherein R5 is 1 ,1 ,3-trioxo-1 ,2- 
dihydro-1H-benzo[d]isothiazol-2-yl and wherein R7 is hydrogen or arylalkyl. 

61. A compound according to any one of the preceding claims wherein R5 or R© is arylami- 
noalkyl, wherein aryl is 1 , 1 -dioxo-l ,2-dihydro-1 H-benzo[d]isothia2ol-3-yl, 

62. A compound according to any one of the preceding claims R5 or Rq is arylcarbonylami- 
noalkyl. wherein aryl is phenyl, indol-3-yl, indol-2-yl, 1.2,3-tnazol-4-yl, quinolin-4-yI or naphth- 
1-yl wherein aryl is optionaify substituted, and wherein R7 is hydrogen or arylalkyl optionally 
substituted with methoxy. 

63. A compound according to any one of the preceding claims wtierein R5 is arylalkylaml- 
noaikyl wherein aryl is phenyl, dibenzofuranyl, naphth-2-yl or indo-3-yl, and wherein alkyl and 
aryl are optionally substituted, and wherein R7 is hydrogen or arylalkyl optionally substituted 
with methoxy. 

64. A corripound according to any one of the preceding claims wherein Re is alkylNReRe, . 
wherein Re is alkylcarbonyl and Rg is arylalkyl, wherein aryl is optionally substituted. 

* 65. A compound according to claim 1 or 2 selected from the following: 

5-{1,3-Dioxo-1,3HJihydro-isoindol-2-ylmethyl)-2-(oxalyl-amino)-4.5,6,7-tetrahydro-thieno[2.3- 
c]pyrldine-3,6^1carboxyIic acid 6-ethyl ester, 

5-(1 .3-Dioxo-1 ,3-dihydro-(sbindol-2-ylmethyl)-2-(oxalyl-amino)-4.5,6,7-tetrahydro-thieno[2,3- 
c]pyridine-3-carboxyllc add; 

(L)-5-(1 ,3-Dioxo-1 .3-dihydro-isoihdoI-2-ylmethyl)-2-(oxalyl-amino]h4,5,6.7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxylicacid; 

7-(1 ,3-Dioxo-1 ,3-dihydro-isoindol-2-ylmel^iyl>2-(oxalyl-amino)-4.5.6.7-tetrahydro-thieno[2.3- 
cJpyridine-3-cart>oxyIlc add; 

5-(4-Hydroxy-1 ,3<lioxo-1 ,3-dihydr(>-isoindo^2-ylmethyl)-i2-(oxal^^ 
thieno(2,3-cJpyridine-3-cart30xylic acid; . 

2-(Oxalyl-amino)-5-{1 -0x0-1 ,3Kiihydro-lsoindoi-2-ylmethylH.5.6.7-tetraHyd 
c]pyridin -3-carb xylicadd; . 

2-(Oxa1yl-aminoK-(1.1.3-trioxo-1i3Hjihydro-iH-benzo[d]isothiazol-2-ylmet^ 
Vtetrahydrb-thieno[2.3-c]pyridine-3-carboxylicadd; 
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7-(1 J -Dioxo-1 .3-dihydro-1 H-benzo[d]isothiazol-2-ylmethyi)-2-{oxalyl-amino)-4.5,6,7- 
tetrahydro-thieno[2,3-c]pyridine-3-carboxyIic acid; 

5-(7-Hydroxy-1 -0X0-1, 3-dihydro-isoindol-2-ylrTiethyl)-2-(oxa!yl-amino)-4,5,6,7-tetrahydro- 
thieno(2,3-c]pyridine-3-carboxylic acid; 

or a pharmaceutically acceptable salt thereof. 

66. A compound according to claim 1 or 2 selected from the following: 

5-(1,3-Dioxo-1,3-dihydro-lsoindol-2-ylrTiethyI)-2-{oxalyl-amino)-4.5,6,7-tetrahydro-thieno[2.3- 
c]pyridirie-3,6-dicarf30xyllc add 6-ethyl ester; 

5-(1,3-Dioxo-1,3-dihydro-isoindoI-2-ylmethyl)-2-{oxalyl-amino)-4.5t6,7-tetrahydro-thieno[2,3- 
clpyrldine-3-carboxylic add; 

(S)-5-(1,3-Dioxo-1.3-dihydro-lsolndol-2-ylmethyl)-2-(oxalyi-amino)-4,5,6,7-tetrahydro- 
thieno[2,3-clpyridirie-3-carboxylicacid; 

7-{1 ,3-Dioxo-1,3-dfhydro-isoindol-2-ylmethyl)-2-(oxaIyl-amino)-4,5,6,7-tetrahydro-thieno[2,3- 
c]pyridine-3-carboxylic acid; 

5-(4-Hydroxy- 1 ,3-dioxo-1 .3-dlhydro-isoindoI-2-ylmethyI)-2-(oxalyl-amino)-4.5,6,7-tetrahydro- 
thieno[2.3-c]pyridine-3-carboxyllc add; 

2-(Oxalyl-amino)-5-{ 1 -oxo-1 ,3-dihyd^o-isoindoI-2-ylmethyl)-4,5,6.7-tet^ahydro-thieno[2,3- 
c]pyridine-3-carboxylic acid; 

5-(4-Hydroxy-lK)xo-1,3-dihydrthlsoindoI-2-ylmethyl)-2-{oxalyl-aminoH.5.6,7-tetrahydro- 
thleno[2,3-c]pyridlne-3-carboxylic add; 

5-{4-Hydroxy-1-oxo-1.3-dihydro-lsoindol-2-ylmethyl)-6-methyl-2-(oxa!yl-amirioH.5,6,7- 
tetrahydrD-thieno(2,3-c]pyridine-3-carboxylicacid; 

5-((1 ,1-Dioxo-1 H-ben20[d]lsothiazoI-3-ylamino)-methyt)-2-(oxalyl-aminoH.5.6,7-tetrahydro- 
thieno[2,3-clpyridine-3-carboxyllcadd; 

7-((1,1-Dioxo-1H-benzb[d]isothiazol-3-ylamino)-methyl>-2-(oxalyl-aminoH.5,6,7-tetrahydro- 
thleno[2,3-clpyridine-3-carboxync add; 

5-(7-Methoxy-1-oxa-1 ,3-dihydroHSOindol-2-ylmethyl)-2-{oxalyl-amirioH,5,6,7-tetrahydrio- 
' thieno[2,3-cJpyridine-3-carboxy!ic add; 

5-(7-Hydroxy-1-cxo-1 ,3-dihydro-is6lndol-2-ylmethyt)-2^oxalyl-amirio)-4.5,6,7-tetrahydro- ' 
thieno[2,3-c]pyrid lhe-3-carbpxyfic add; 

5-{7-BenzyIoxy-1-oxo-i ,3-dihydro^soindoi-2-yImethyl)-2-{oxalyl-amino)-4,5,67-tetrahydro^ 
th}eno[2,3-c]pyridfhe^c^rboxyIicadd; 
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5-{7-Hydroxy-1-oxo-1,3-dihydrc>isoindol-2-ylmethyl)-6-(4-methoxy-benzyl)-2-(oxalyl-amino)- 
4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxyIic acid; 
5-(1,3-Dioxo-1.3-dihydro-isoindol-2-ylmemyl)-6-(4-methdxy-ben2yf)-2-(oxalyl-^ 
tetrahydro-thieno[2,3-c]pyridine-3-carboxylic acid; 
5 7-{7-Hydroxy-1 -oxo-1 .3-dihydro-isoindol-2-ytmethyl)-2-(oxaIyi-amino)-4,5.6,7-tetrahydro- 
thienoI2,3-c]pyridine-3-carboxyltc acid; 

7-(7-Hydroxy-1 -oxo-1 ,3-dihydro-isoindoI-2-ylmethyl)-6-(4-methoxy-benzyl)-2-(oxaiy[-amino)- 
4,5,6,7-tetrahydro-thiend[2,3-cJpyridine-3-carboxy!ic acid; 
7-( 1 ,3-Dloxo-1 ,3Kiihydro-isoindoI-2-ylmemyl>-6-(4-methoxy-*enzyI)-2-(oxalyl-amin 
10 tetrahydro-thieno[2,3-c]pyridlne-3-carboxylicacid; 

5-(S)-(7-Mettioxy-1 -oxo-1 ,3-dihydro-isoindol-2-ylmethyl)-2-(oxa!yl-amino>4.5,6,7-tetrahydro- 
thieno[2.3-c]pyridine-3-carboxylic acid; 

5-(RH7-Methoxy-1-oxo-1,3-dihydro-isoindol-2-ylmethyl)-2-(oxaIyl-aminoH.5,6,7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxylic acid; 
1 5 5-(4-Ben2ytoxy-1 .3-dioxo-1 ,3-dlhydro-isoindol-2-ylmethyl)-2-(oxaIyl-amino)-4,5,6,7- 
tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add; 

5-(6-Methoxy-4-methoxycarbonyl-1 -oxo-1 ,3-dihydro-isolndol-2-ylmethyl)-2-(oxalyl-amino)- 
4,5,6 ,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic acid; 

2-(Oxalyl-aniino)-5-(1 .1 ,3-trioxo-1 .3-dihydro-1 H-benzo[d]lsothiazol-2-ylmethyl)-4,7-dihydro- 
20 5H-thieno[2.3-cJpyridlne-3-cart)oxylicacid; 

2-{OxaIyl-amino)r7-(1 , 1 ,34rioxo-1 ,3-dihydro-1 H-benzo[d]isothiazol-2-ylmethyl)-4.7-dihydro- 
5H-thieno[2,3-c]pyridine-3-carboxyllcadd; 

7-Carb.amoyl-2-(oxaIyl-aminoH.5,6.7-tetrahydro-thienoI2,3-clpyridine-3-car^^ 
2-(OxaIyl-amlno)-5-{2-oxchtetrahydro-thiophen-3-ylcaitanrroylH.5,6,7-tetrahydr^^^ 
25 c]pyridine-3-carboxylic add;. . 

2-(Oxalyl-amino)-5-phenylcarbambyl-4,5,67-tetrahydro-thieno[2,3-c]pyridi^ 
add; 

2-(dxa]yI-amino)-7-phenylcarbamoyM.5,6,7-letrahydro-thieno[2,3-c]pyridi 
add; - . 

30 • ■ ' ■ * - V . • . - -■ ■ . 

or a pharmaceutically acceptable' salt thereof. 

67. A compound according to daim 1 or 2 selected from the following: 

,35 5-(1,3^Dioxo^1-;3-dihydro-ls6indol-2-yImethyl)-2-(oxalyl-a 
clpyridine-3,6-dicarboxylic add 6-ethyl ester; 
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5-(1,3-Dioxo-1,3-dihydro-isotndol-2-yImethyl)-2-(oxaiyI-aminoH,5.6,^ 
c]pyridine-3-carboxylic acid; 

5-(S)-(1 ,3-Dioxo-1 ,3-dihydro-isoindoI-2-ylmethyl)-2-(oxalyl-amino)-4,5,6,7-tetrahydro- 
thieno(2,3-c]pyridine-3-carboxyiic acid; 

7-{1.3-Dioxch1.3-dthydro-isoindol-2-ylmethyl)-2-{oxalyl-amino)-4,5.6J-tetrahydro-thi 
c]pyridine-3-carboxylic acid; 

5-(4-Hydroxy-1,3-dioxo-1,3-dihydro-isoindol-2-yImethyl)-2-(oxalyl-amino)^^ 
thieno[2,3-c]pyridine-3-carboxylic acid; 

7-(4-Hydroxy-1,3<Jioxo-1,3KJihydro-isoindo!-2-yImethyl)-2-(oxalyl-aminoH,5,6,7-^^^ 
thieno[2,3-c]pyridlne-3-carboxylic add; 

2-{OxaIyl-amino)-5-(SH1-oxch1,3<Jihydro-isoindol-2-ylmethyl)-4,5,6J-tetrahy^ 
cIpyridine-3-carboxylic acid; 

5-(4-Hydroxy-1-<)xo-1,3KJihydro-isoindoI-2-ylmethyl)-2-(oxalyl-amino)-4,5,67-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxylic add; 

5-(4-Hydroxy-1 -oxo- 1 ,3-dihydro-isoindol-2-yImethyl)-6-methyl-2-(oxalyl-amino)-4,5,6 .7- 
tetrahydrx>-thleno[2,3-c]pyridine-3-carboxylicadd; 

5-((1,1-Dioxo-1H-ben2o[d]isothiazol-3-ylamino)methyl)-2-<oxaIyl-aminp)-4,5.67-tetrahydr^ 
thieno[i2,3-c]pyridine-3-carboxyiicadd; 

7-((1 , 1 -Dioxo-1 H-benzo[d] isothiazol-3-ylamino)methyl)-2-(oxaIyl-aminoH.5.6,7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxyHc add; 

5-(7-Melhbxy-1 -0X0- 1 ,3-dihydix>-isoindal-2-ylmetbyl>2-(oxalyl-aniIno)-4.5,6,7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxylicadd; 

5-(7-Hydroxy-1-oxo-1,3-dihydro-isoindol-2-ylmemyl)-2-{oxaIyl-aminoM,5,67-tetrah 
thieno(2,3-c]pyridine-3-carboxync add; 

5-{7-Benzyloxy-1 -oxo-1 ,3-dihydrb-isoindol-2-ylmethyl)-2-(oxalyl-aminoH 
thieno[2.3-c]pyridihe-3-carboxyIicadd; 

5-{7-iHydr6xy-1 <)xa-1 ,3<lihydro-isoindoI-2-ylme%l)-6-(4-methoxy-ben^^ 
4,5,6,7-tetrahydiro-thien6[2,3-c]pyridine-3^rboxylic add; 
5-{1 ;3-Dioxo-1 ,3HJihydrD-isoindol-2-ylmethyl)'6-(4-methoxy-benz^ 
tetrahydro-thieno[2,3-c]pyridine-3-cariboxylic add; 

7-{7-Hydroxy-1 -0X0-1 ,3-dihydro-isoindoM2-ylmemyl)-2-(oxaIyl-aminoH,5,6,7-tetrahydr^ 
thieno[2,3^]pyridine-3-carboxylIcadd; 

7-(7-Hydroxy-1-oxo-1.3<lihydix>isoindol-2-ylmethyl)-6-{4^^ . 
4,5,67-tetrahydro-thieno[2,3<]pyridine-3-carbpxyIlc add; 
7-(1,3-bioxo^T,3-dihydrchisoindol-2-ylme%i)-6-(4-memo^^^^ 
letrahydix^thie'rb[2,3-c]pyridine-3-carboxyIic add; - 
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7-{((5-Benzyloxy-1H-indole-2-carbonyl)amino)methyl)-6-(4-methoxy-benzy!)-2-(oxalyl-a 
4,5,6, 7-tetrahydro-thieno[2;3-c]pyridine-3-carboxylic acid; 

7-(((6-Bromo-2-p-tolyl-quinoline-4-carbonyl)amino)rnethyl)-6-(4-methoxy-benzyl)-2-(oxalyl- 
amino)- 4,5,6,7-tetrahydro-thieno[2.3-c]pyridine-3-carboxylic acid; 

6- (4-Methoxy-benzyl>7-(({5-methyl-2-phenyl-2H-[1.2,3]triazole-4-carbonyl)ami 
(oxalyl-aminoH.5.6 J-tetrahydro-thieno[2,3-c]pyridine-3-cartoxylic acid ; 

7- {((1H-!ndoIe-3H:arbonyl)amlno)methy!)T6-(4-methoxy-benzyl)-2-(oxalyl-amino)-4,5 
tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add; 

7-{(4-Ethoxy-2-hydroxy-*eruoy!amino)methyl)-6-(4-methoxy-benzyl)-2-(oxalyl-amino)- 
4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add; 

7-((4-BenzoyIamino-benzoylamino)methyl)-6-(4-methoxy-benzyl)-2-(oxaiyl-amino)-4 ,5,6,7- 
tetrahydro-thieno[2,3-c]pyridine^3-cart)oxylic add; 

7-(((Biphenyl-4-carbonyl)-amino)methyl)-6-(4~methoxy-benzyl)-2-(oxalyl-amino)-4,5,6.7- 
tetrahydro-thieno[2,3-c)pyridine-3-carboxylic add; 

7-(((1H-lndole-2-carbonyi)amino)methyl)-6-(4-methoxy-benzyl)-2-(oxalyl-amino)-4,5,6,^ 
tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add; 

7-((3-Biphenyl-4-yl-acryloylamino)methyl)-6^(4-methpxy-benzyl)-2-(oxalyl-am 
tetrahydro-thieno[2.3-c)pyridine-3-carboxylicadd; 

6-(4-Melhoxy4)enzyl)-7-(({5-methoxy-1W-indole-2'Cart)onyI)amino)methyl)-2-^^ 
4,5.6.7-tetrahydro-thieno[2.3K:]pyridine-3-carboxylicadd; 

7r((f-Ben2yI-benzoyiamino)memyI)-6-(4-methoxy-*enzyl)-2-(oxaiyt-ai7tinoH^ 
tetrahydro-thieno[2,3K;]pyridihe-3-carboxyIic acid ; 

6-(4-Methoxy4Denzyl)-7-(({naphthatene-1-<arbonyl)amino)methyl)-2-(oxaIyJ-amino)-4,^ 
tetrahydrD-thieno[2,3-c]pyridine-3-carboxylicadd; 

6-(4-Methoxy-*ehzyi)-5-((2-naphthalerv2-yl-ethylamino)methyl)-2-(oxaIyl-aminoH 
letrahydro-thieno[2,3-c]pyridine-3-carboxyIic add; 
5-{(2-Benzo[1,3]dioxol-5-yl-acetyIamino)methyl^2Koxalyl-aminoH.5,6,7-^^ 
thieno[2,3-c]pyridine-3-carboxylic add; 

5- ((2-DibenzofurarH2-yl-e%I)amino)methyl)-6-(4-methoxy-*enzyI)^^^ 
tetrahydro-thleno[2.3-c]pyndine-3-cart>oxylic add; 

6- (4-Methoxy4)enzyl j-5^(2-(5-methoxy-2-methyt-1 /V■indo^-3-yI^ 
(oxafyl-amino)-4,5,67-tetrahydro-thienoI2,3hc]pyridihe^^ 
5-((2-(1H-lndol-3-yl)-2-oxo-ac8lytamino)methyl>-2-(Oxal^^ 
thienoI2,3-c]pyridiner3-carbpxylic acid; ' 

5-(R)-(7-Methoxy-1 -oxb-'l ;MihVdrb-isbindo!-2-ylmethyl)-2-(oxalyI-a^ 
thieno[2>K;]pyiidirie-3-carbdxylicacid; . T 
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5-(S)-(7-Methoxy-1-oxo-1,3Kiihydro-isoindol-2-ylmethyt)-2-(oxalyl-aminoH,5,67-tetrahydro- 
thieno[2,3-c]pyridtne-3-carboxylic acid; 

5-(S)-(4-Hydroxy-1-oxo-1,3-dihydro-isoindoI-2-ylmethyl)-2-(oxaIyl-amino)-4,5,6.7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxylic acid; 

2- (S)-(Oxa!yl-amino)-5-((4-phenoxy-benzylamino)methyl)-4,5.6,7-tetrahydro-thieno[2,3- 
c]pyridine-3-carboxyllc acid; 

5-(S)-{(4-Acetylamino-benzylamino)methyl)-2-(oxalyl-amino)-4,5,67-tetrahydro-thieno[^ 
c]pyridine-3-carboxylic acid; 

7-(S)-((AcetyI-(4-phenoxy-benzyl)amino)methyl)-2-(oxaIyl-aminoH.5.6,7-tetrahydro- 
thieno[2,3-c]pyridine-3-carboxyllc acid; 

7-(SH(Acetyl-benzyl-amino)methyl)-2-(oxaIyI-amino)-4,5,67-tetrahydrc^thieno[2.3 

3- carboxylic acid; 

5-(S)-((1,1-Dioxo-1H-benzoIdlisothiazol-3-ylamino)methyl)-2-(oxalyi-amino)-4,5,6,7- 
tetrahydro-thieno[2,3-c]pyridine-3-carboxylic add; 
5-(4-Benzyloxy-1.3-dloxo-1,3KJihydro-isoindol-2-ylnriethyl)-2-(oxaIyl-amino 
tetrahydro-threno[2,3-c]pyridine-3-carboxylic add; 

5-(6-Methoxy-4-methoxycarbonyl-1 -oxo-1 .3-dihydro-isoindol-2-ylmethyl)-2-(oxalyl-amino)- 
4,5,6,7-tetrahydro-thieno[2,3-c]pyridlne-3-carboxync add; 

2-(Oxalyl-amino)-5-(1 ,1 .3-trioxo-1 ,3-dihydro-1H-benzo[d]isothiazoI-2-ytmethyl)-4,7-dihydro- 
5H-thieno[2,3-c]pyridine-3-carboxylic acid; 

2-(OxaIyl-amino)-7-(1 , 1 ,3-trioxo-1 ,3-dihydro-1 ^W)en2XJ[d]rsdthiazoI-2-ylrnethylH,7-dihyd^o- 
5/y-mieno[2,3-clpyridine-3-carboxyticadd; 

7-(R)-Carbamoyl-2-<oxalyl-amino)-4,5,67-tetrahydr(>thieno[2,3<]pyridine-3-carbo^^ 
2-(Oxalyl-^mino)-5-(S)-(2-oxo-tetrahydro-thiophen-^yIcarbamoyl)-4,5.67-tetrahydr^ 
thieno[2.3-c]pyridirie-3-carboxylic acid; 

2-(OxalyI-amino)-5-(S>phenylcarbamoyl-4,5,6J-tetrahydro-thieno[2,3K;]pyridine-3^ 
acid; - . . - 

2-(Oxatyi-amino)-7-^f?)-phenylcarbamoyl-4,5,6J-tetrahydrD- 
add; 

5- (/?).7-^/?^BisHbenzyloxymemyl-2-(oxalyl-aminoH.5.67-te^ : 
carboxylic add; 

6- Benzyl-2-(oxa[yI-aminp)-5^(1 ,1 ,3-trioxo-1 ,3-dIhydro-1,6-benzo[d]isothiazol-2-ylmethyI)^ 
4,5,67-tetrahydro-thieno[2,3<:]pyridine-3-cart30xylic add; 
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or a salt thereof with a pharmaceutically acceptable acid or base, or any optical isomer or 
mixture of optical isomers, including a racemic mixture, or any tautomeric form, or prodrug 
thereof. 

5 68. Compounds according to any one of the preceding claims which acts as inhibitors of Pro- 
tein Tyrosine Phosphatases. 

69. A pharmaceutical composition comprising a compound according to any of the claims 1 
to 67 or a phanmaceulicaily acceptable salt thereof with a phamnaceutically acceptable acid 

10 or base, or any optical isomer or mixture of optical isomers, including a racemic mixture, or 
any tautomeric form together with one or more pharmaceutically acceptable carriers or di- 
luents. 

70. A pharmaceutical composition suitable for treating type I diabetes, type II diabetes, impai- 
15 red glucose tolerance, insulin resistance or obesity comprising a compound according to any 

of the claims 1 to 67 or a pharmaceutically acceptable salt thereof with a phanmaceutically 
acceptable acid or base, or any optical isomer or mixture of optical isomers, including a ra- 
cemic mixture, or any tautomeric form together with one or more pharmaceutically acceptab- 
le carriers or diluents. 
20 ' . 

71 . A pharmaceutical composition suitable for treating immune dysfunctions including au- 
toimmunity, diseases with dysfunctions of the coagulation system, allergic diseases, osteo- 
porosis, proliferative disorders including cancer and psoriasis, diseases with decreased or 
increased synthesis or effects of growth honmone, diseases with decreased or increased 

25 synthesis of hormones or cytokines that regulate the release of/pr response to growth hor- 
mone, diseases of the brain Including Alzheimer's disease and schizophrenia, and infectious 
diseases comprising a compound according to any of the daims 1 to 67 or a pharmaceutical 
acceptable salt thjereof with a pharmaceutically aicceptable add or base, or any optical iso^ 
mer or mixture of optical isomers, induding a racemic mixture, or any tautomeric form to^ 

30 gether with one or rnore pharmaceutically acceptable earners or diluents. 



72. The pharmaceutical composition according tb daim 69. 70 br TI in the fonn of an oral 
dosage unit or parenteraf dosage unit. , . 
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73. A pharmaceutical composition according to claim 69, 70 or 71 wherein said compound is 
administered as a dose in a range from about 0.05 to 1000 mg. preferably from about 0.1 to 
500 mg and especially in the range from 50 to 200 mg per day. 

74. A compound according to any one of the claims 1 to 67 or a pharmaceutically acceptable 
salt thereof with a pharmaceutically acceptable acid or base, or any optica) isomer or mixture 
of optical Isomers, including a racemic mixture; or any tautomeric form for therapeutical use. 

75. A compound according to any one of the claims 1 to 67 or a phannaceutically acceptable 
salt thereof with a pharmaceutically acceptable add or base, or any optical isomer or mixture 
of optical isomers, including a racemic mixture, or any tautomeric form for therapeutical use 
in the treatment or preventing of type I diabetes, type W diabetes, impaired glucose tolerance, 
insulin resistance or obesity, 

76. A compound according to any one of the claims 1 to 67 or a pharmaceutically acceptable 
salt thereof with a pharmaceutically acceptable acid or base, or any optical isomer or mixture 
of optical isomers, including a racemic mixture, or any tautomeric form for therapeutical use 
in the treatment or preventing of immune dysfunctions including autoimmunity, diseases with 
dysfunctions of the coagulation system, allergic diseases, osteoporosis, proliferative 
disorders including cancer and psoriasis, diseases with decreased or increased synthesis or 
effects of growth hormone, diseases with decreased or increased synthesis of hormones or 
cytokines that regulate.the release of/or response to growth hormone, diseases of the brain 
including Alzheimer's disease and schizophrenia, and infectious diseases. 

77. The use of a compound according to any one of the claims 1 to 67 or a pharmaceutically 
acceptable salt thereof with a pharmaceutically acceptable add or base, or any optical 
isomer or mixture of optical isomers, induding a racemic rnixture, or any tautoriieric form as a 
medicament. 

78. The use of a compound according to any of ttie claims 1 to 67 for preparing a 
rriedicament 

79. The use of a compound according to any one of tfie-dalms 1 to 67 or a phanmaceutically 
acceptable salt thereof with a pharmaceutically acceptable add or base; or any optical 
isomer or mixture- of optical isomers, induding a racemic mixture,' or any tautonieric form. for. 
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the preparation of a medicament suitable for the treatment or preventing of type I diabetes, 
type II diabetes, impaired glucose tolerance, insulin resistance or obesity. 

80. The use of a compound according to any one of the claims 1 to 67 or a pharmaceutically 
acceptable salt thereof with a pharmaceutically acceptable acid or base, or any optical 
isomer or mixture of optical Isomers, Including a racemic mixture, or any tautomeric form for 
the preparation of a medicament suitable for the treatment or preventing of immune 
dysfunctions including autoimmunity, diseases with dysfunctions of the coagulation system, 
allergic diseases, osteoporosis, proliferative disorders including cancer and psoriasis, 
diseases with decreased or increased synthesis or effects of growth hormone, diseases with 
decreased or increased synthesis of homiones or cytokines that regulate the release of/or 
response to growth hormone, diseases of the brain including Alzheimer's disease and 
schizophrenia, and infectious diseases. 

81. A method of treating type I diabetes, type 11 diabetes, impaired glucose tolerance, insulin 
resistance or obesity comprising administering to a subject in need thereof an effective 
amount of a compound according to any of the claims 1 to 67 to said subject. 

82. A method of treating immune dysfunctions Including autoimmunity, diseases with 
dysfunctions of the coagulation system, allergic diseases, osteoporosis, proliferative 
disorders including cancer and psoriasis, diseases with decreased or increased synthesis or 
effects of growth hormone, diseases with decreased or increased synthesis of hormones or 
cytokines that regulate the release of/or response to growth hormone, diseases of the brain 
including Alzheimer's disease and schizophrenia, and infectious diseases comprising 
administering to a subject in need thereof an effective amount of a compound according to 
any of the claims 1 to 67 to said subject, 

83. A process for the manufacture of a medicament, particular to be used in the treatment or 
preventon of type I diabetes, type II diabetes, impaired glueose tolerance, insulin resistance 
or obesity which process comprising bringing a compound according to any of the claims 1 to 
67 or a pharmaceutically acceptable salt thereof into a galenic dosage form. 

84. A process for the manufacture of a medicament, particular to tie used in the treatment or 
prevention of immune dysfunctions including autoimmunity, diseases with dysfunctions of the, 
coagulation system, allergic diseases,^osteoporpsis, proliferative. disd including cancer 
and psoriasis, diseases with decreased or increased synthesis or effects of growth hormone, 
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diseases with decreased or increased synthesis of hormones or cytokines that regulate the 
release pf/or response to growth hormone, diseases of the brain including Alzheimer's 
disease and schizophrenia, and infectious diseases which process comprising bringing a 
compound according to any of the claims 1 to 67 or a pharmaceutically acceptable salt 
5 thereof into a galenic dosage form. 

85. Any novel feature or combination of features as described herein. 

86. A method for preparing a compound of formula 1 , characterized in 
10 A) 




a) NCCH2COOR3, sulphur, morpholine or triethylamine, ethanol; b) RaOCOCOImidazole. tet- 
15 . rahydrofuran; c) 25 % trifluoroacetic acid/dichloromethane; wherein n, m, X, Ri. R2, R3, R4. 
Rs, Re and R7 are defined above, or 

B) 




20 . 

By allowing an amine (I) and a substituted oxalylannide (tl) to react under basic conditions 
(e.g. KaGOs, in A/,A/rdimethylformamide or methylethylketone) or under Mitsunobu conditions 
(Oyo Mitsunobu. Synthesis, (1 981) 1-28) to yield (HI) wherein W is OH. OSOzMe or halo, and 
n, m. X, Ri. R2, R3, R4, Re, Rr and Rs are defined above, or - 

25 " ' . "■ - r 
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By allowing an amine (I) and a substituted oxalylamide (tl) to react under basic^conditions 
(e.g. K2CO3, in A/,A/-dimettiylformamide or methylettiylketone) or under Mitsunobu conditions 
(Oyo Mitsunobu, Synthesis, (1981) 1-28) to yield (III) wherein W is OH. OSOzMe or halo, and 
n. m, X, Ri, R2, R3, R4, Rs. R7 and Ra are defined above. 

87. A pharmaceutical composition suitable for treating type I diabetes, type II diabetes, im- 
paired glucose tolerance, insulin resistance or obesity comprising a compound according to 
any of the claims 1 to 67 or a phamnaceutical acceptable salt thereof with a pharmaceutlcally 
acceptable add or base, or any optical isomer or mixture of optical isomers, including a ra- 
cemic mixture, or any tautomeric form together with one or more phanmaceutically accept- 
able carriers or diluents and an insulin sensitizer, such as a thiazolidinedione eg. troglita- - 
zone, dglitazone, pioglitazone, rosiglitazone, 5-Q4-{3-Methyl-4-oxo-3,4-dihydro-2- 
quinazoIinyl]methoxy]pheny!-methyl]thiazolidine-2,4-dione or a pharmaceutically acceptable 
salt thereof, preferably the potassium salt, or (-) 3-(4-[2-Phenoxazin-10-yl)ethoxy]phenyO-2- 
ethoxypropanoic add or a pharmaceutically acceptable salts thereof, preferably the arginine 
salt. 

88. The use of a compound according to any one of the daims 1 to 67 or a pharniaceutically 
acceptable salt thereof with a phanmaceutically acceptable add or base, or any optical 
Isomer or mixture of optical isomers, induding a racemic mixture, or any tautomeric fomn and 

' an insulin sensitizer, such as a thiazolidinedione eg. troglitazone, dglitazone, pioglitazone, 
rosiglitazone, 5-[[4-[3-Methyl-4-oxo-3,4-dlhydro-2-quinazolinyI]methoxy]phenyl- 
methyl]thiazoiidine-2,4-dione or a phamriaceutical!y acceptable salt thereof, preferably the 
potassium salt, or {-) 3-[4-[2-Phenbxazin-10-yl)ethoxy]phenyO-2-ethoxypropanoic add or a 
phanmaceutically acceptable salts therBof. preferably the arginine. salt for the preparation of a 
medicament suitable for the treatment or preventing of type I diabetes, type M diabetes, 
impaired glucose tolerance, insulin resistance or otJissity. 

89. A method of treating type I diabetes, type II diabetes, impaired glucose tolerance, insulin 
resistance or obesity comprising administering to a subject in need thereof an effective 
amount of a compound according to any of the daims 1 to 67. and an insulin sensitizer, such ' 
as a thiazolidinedione eg. troglitazone, dglitazone, pioglitazone, rosiglitazone, 5^[i4-[3- 
Methyl-4-oxo-3.4Hdihydn>27quinazolihyI]methoxy^ thyl]thiazotidine-2,4-dione or a / 
pharmaceutically acceptable salt thereof, preferably the potassium salt, or (-) 3t[4-[2-" ' 
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Phenoxazin-10-yl)ethoxy]phenyt]-2-ethoxypropanoic acid or a pharmaceutically acceptable 
salts thereof, preferably the arginine salt to said subject. '■ 

90. A pharmaceutical composition suitable for treating type I diabetes, type II diabetes, im- 
paired glucose tolerance, insulin resistance or obesity comprising a compound. according to 
any of the claims 1 to 67 or a pharmaceutical acceptable salt thereof with a pharmaceutically 
acceptable acid or base, or any optical isomer or mixture of optical isomers, including a ra- 
cemic mixture, or any tautomeric form together with one or more pharmaceutically accept- 
able carriers or diluents and an agent stimulating insulin release from p cells such as repag- 
linide. 

91 . The use of a compound according to any one of the claims 1 to 67 or a phanmaceutically 
acceptable salt thereof with a pharmaceutically acceptable acid or base, or any optical 
isomer or mixture of optical Isomers, including a racemic mixture, or any tautomeric form and 
an agent stimulating Insulin release from p cells such as repaglinide for the preparation of a 
medicament suitable for the treatment or preventing of type I diabetes, type II diabetes, 
impaired glucose tolerance, insulin resistance or obesity. . 

92. A method of treating type I diabetes, type 11 diabetes, impaired glucose tolerance, insulin 
resistance or obesity comprising administering to a subject in need thereof an effective 
amount of a compound according to any of the daims 1 to 67 and an agent stimulating 
insulin release from p cells such as repaglinide to said subject. 

93. A pharmaceutical composition suitable for treating type I diabetes, type II diabetes, im- 
paired glucose tolerance, insulin resistance or obesity comprising a compound according to 
any of the claims 1 to 67 or a pharmaceutical acceptable salt thereof with a . pharmaceutically 
acceptable acid or base, or any optical Isomer or mbcture of optical isomers, including a ra- 
cemic mixture, or any tautomeric fonm together with one or more pharmaceutically accept- 
able carriers or diluents and an antiobeslty agent such as oriistat. 

94. The use of a compound according to any one of the claims 1 to 67 or a phanmaceutically 
acceptable salt thereof with a pharmaceutically. acceptable add or base, or any optical 
isomer or mixture of optical isomers.' including a racemic mixture, or any tautomeric fonn and 
an and an aritiob sity agent such as oriistat for the preparation of a medicament suitable for 
the treatment or preventing of type I diabetes, typ II diabetesi impaired glucose tolerance. 
Insulin resistance or obesity: . . ^ 
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95. A method of treating type I diabetes, type II diabetes, impaired glucose tolerance, insulin 
resistance or obesity comprising administering to a subject in need thereof an effective 
amount of a compound according to any of the daims 1 to 67 and an antiobesity agent such 
5 as orlistat to said subject 
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